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EXECUTIVE  SUMMARY 


INTRODUCTION 

The  present  research  supported  the  Advanced  Combat  Rifle  <ACR)  field 
test  by  providing  estimates  of  aiming  error  and  hit  probability  for  single 
round  and  burst  modes  of  fire  as  a  function  of  target  exposure  time,  niunber  of 
targets  presented,  and  target  range.  This  project  also  supported  the  ACR 
program  by  evaluating  conqjetition  as  a  methodology  for  producing  a  known  level 
of  stress  in  soldiers  while  measuring  their  performance  of  combat-relevant 
tasks.  The  procedure  for  stressing  soldiers  employed  the  psychological 
stresses  of  competition,  threats  to  self-esteem,  peer  pressure,  team 
interdependency,  and  pursuit  of  awards  and  public  recognition,  while 
manipulating  the  task-related  variables  of  target  range,  target  number,  and 
target  exposure  time. 

In  addition,  the  Human  Engineering  Laboratory  (HEL)  stress  program  was 
advanced  by  these  data.  The  fundamental  goals  of  this  program  include 
developing  standard  procedures  for  soldier  and  equipment  performance  testing, 
as  well  as  obtaining  extensive  physiological  and  psychological  response  data 
in  a  number  of  studies  investigating  different  kinds  and  intensities  of 
stressful  situations.  The  physiological  and  psychological  data  from  the 
present  field  study  helped  to  determine  (a)  whether  the  soldiers  involved  in 
competitive  marksmanship  exhibited  typical  stress  responses,  (b)  the  level  and 
intensity  of  their  stress  experience,  and  (c)  how  the  level  of  stress  related 
to  their  marksmanship  performance. 


METHOD 


The  subjects  in  this  field  experiment  were  60  volunteer  infantrymen  from 
the  82nd  Airborne  Division  and  the  101st  Airborne  Division  (Air  Assault) . 
During  the  2  competition  weeks,  10  soldiers  from  each  division  participated  in 
the  experiment;  during  the  control  week,  20  soldiers  from  one  division  served 
as  subjects. 

The  subjects  fired  M6S5  ball  ammunition  from  M16A2  rifles  which  had  been 
equipped  with  the  Crane  Naval  Weapons  Support  Center  (NHSC)  No.  1  muzzle 
devices  to  control  burst  dispersion.  These  devices  provide  the  best  muzzle 
control  of  any  devices  tested  which  still  permitted  the  required  sustained 
rate  of  fire.  The  firing  was  conducted  at  HEL’s  M  range.  The  stress  created 
by  con^etition  w&s  assessed  by  comparing  the  psychological  and  physiological 
responses  of  the  soldiers  firing  competitively  with  the  responses  of  soldiers 
firing  during  noncompetitive,  control  conditions,  and  with  the  responses 
obtained  from  subjects  in  other  stress  protocols.  Psychological  reactions 
were  measured  by  a  battery  of  commercially  available  instruments  and  by  an 
instrument  developed  L'y  HEI  for  its  stress  program.  Physiological  reactions 
were  determined  by  m9»sui<nc  several  stress-reactive  hormones  in  multiple 
blood  samples  ard  by  monitoring  heart  rate  during  the  interval  surrounding 
record  fire. 

The  first  and  third  weeks  were  competition  weeks  during  which  groups 
from  each  unit  competed  for  a  plaque  and  other  recognition,  while  the  second 
week  was  a  control  week  during  which  no  competition  occurred.  Tuesdays  were 
occupied  with  surveys,  zeroing  of  weapons,  and  familiarization  firing.  On 
Wednesdays,  baseline  blood  samples  and  stress  survey  respcnses  were  obtained, 
and  additional  familiarization  firing  was  conducted.  On  Thursdays,  the  record 
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firing  scenarios  were  presented  to  the  subjects,  and  the  record  firing  hormone 
san^les  and  stress  surveys  were  taken.  Sach  subject  fired  two  different 
randomly  selected  target  scenarios  on  the  record-fire  days,  one  in 
semiautomatic  mode  and  one  in  three-round  burst  mode.  Eacn  scenario  consisted 
of  36  target  presentation  events.  Each  event  presented  one,  two,  or  three 
targets  for  1.5,  3,  or  5  seconds  at  SO,  100,  200,  or  300  meters.  The  subjects 
were  told  to  try  to  hit  as  many  targets  as  possible,  and  they  were  instructed 
not  to  worry  about  amnunition  expenditure.  The  scenarios  were  stopped  when 
necessary  to  allow  magazine  changes. 


RESULTS  AND  DISCUSSION 

The  Army  Materiel  Systems  Analysis  Agency  (AMSAA)  has  shown  that 
approximately  an  8-mil  extreme  spread  for  a  three-round  burst  is  optimal  for 
an  aiming  error  function  which  has  been  accepted  by  the  analytical  conmunity 
as  representative  of  combat  stress.  The  aiming  error  function  represents  the 
aiming  performance  of  the  worst  third  of  various  small  arms  field  expe.:iments . 
Aiming  error  is  a  negative  exponential  function  of  range  whose  values  vary 
from  a  high  of  a  12-fflil  standard  deviat/.on  at  25  meters  to  a  low  of  2  mils  at 
600  meters.  Note  that  the  burst  dispersion  of  the  M16A2  is  22  mils,  and  tne 
M16A2  equipped  with  NWSC  No.  1  muzzle  device  achieves  16  mils.  AMSAA's 
predictions  showed  that  little  isg>roveinent  could  be  expected  from  a  system 
with  a  16-mil  extreme  spread  except  at  close  range.  The  only  significtnt 
improvement  in  targets  hit  found  in  this  experiment  was  at  50  meters, 
confirming  this  prediction. 

ACR  concepts  are  expected  to  be  an  improvement  in  comparison  to  the 
M16A2,  based  on  two  assusptions:  (1)  During  the  stress  of  combat,  aiming 
errors  will  be  large;  and  <2)  firing  multiple  projectiles  per  trigger  pull, 
either  serially  or  simultaneously,  will  increase  hit  probability  beyond  that 
of  firing  a  single  round  per  trigger  pull.  The  degree  of  inproveroent  depends 
on  the  aiming  error  associated  with  the  trigger  pull,  the  number  of  rounds 
fired,  and  the  size  of  their  dispersion.  The  projected  improvements  of  ACR 
concepts  in  comparison  to  the  M16A2  further  assumed  that  the  aiming  error, 
although  large,  would  be  the  same  for  semiautomatic  and  burst  fire.  This 
experiment  failed  to  achieve  aiming  errors  as  large  as  those  described  hy  the 
AMSAA  worst  third  aiming  error  function.  Further,  the  results  .showed  that 
aiming  error  associated  with  burst  fire  was  larger  than  that  associated  with 
semiautomatic  fire. 

To  determine  whether  a  significant  level  of  stress  was  generated  in  the 
study  and  to  determine  the  relative  degree  of  stress  generated,  batteries  of 
psychological  and  physiological  measures,  developed  by  reference  to  the  stress 
literature,  were  employed.  Evaluations  were  made  by  reference  to  the 
literature  and  by  reference  to  results  obtained  In  the  stress  studies  using 
these  measures  as  a  part  of  the  HEL  stress  program. 

Con^arison  of  the  Competition  and  Co.ntrol  Groups  indicated  that  the 
Conpetition  Group  showed  consistently  and  significantly  greater  stress-related 
response  changes  in  the  endocrine  measures  as  a  function  of  firing  during 
competition  than  did  the  Control  Group  as  a  function  of  the  name  firing  during 
noncompetitive  conditions.  The  endocrine  data  obtained  for  the  Conpetition 
and  Control  Groups  15  minutes  after  firing  for  record  were  also  conpared  with 
the  endocrine  data  obtained  at  the  same  relative  time  point  in  stress 
protocols  from  basic  research  contractual  efforts  at  Northwestern  University. 
This  conparison  revealed  that  the  Competition  Group  had  a  response  profile 
very  similar  to  that  obtained  for  medical  students  taking  an  inportant  written 
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examination,  which  is  a  moderately  stressful  situation.  The  Control  Group,  on 
the  other  hand,  had  a  profile  more  characteristic  of  other,  relatively  non- 
stressful  control  conditions. 

The  psychological  data  revealed  response  profiles  for  the  Con^tition 
and  Control  Groups  that  reinforce  the  conclusions  reached,  based  on  the 
physiological  data.  Consistent  with  the  interpretation  that  the  Competition 
Group  war  under  more  stress  than  the  Control  Group,  the  Competition  Group 
subjects  expressed  significantly  greater  state  anxiety  than  control  subjects 
both  15  minute:  before  and  after  firing  on  record-fire  day,  and  they  rated  the 
firing  as  significantly  more  stressful  than  the  control  subjects  did. 
Additionally,  the  Cong>etition  Group  subjects  expressed  greater  hostility  and 
lower  positive  affect  15  minutes  after  firing.  Both  findings  appear  to 
reflect  greater  dissatisfaction  with  personal  performance  during  conv>etitive 
conditions. 

The  profiles  of  psychological  data  for  the  Competition  and  Control 
Groups  compared  with  profiles  for  the  Northwestern  stress  studies  yielded 
results  that  were  very  much  like  those  for  the  physiological  data.  The 
anxiety  expressed  by  the  Competition  Group  appears  most  comparable  to  that  of 
the  group  of  medical  students  taking  a  written  exam.  This  finding  parallels 
the  comparisons  for  the  endocrinological  data  and  supports  the  interpretation 
that  a  moderate  level  of  stress  was  experienced  by  the  Conpetition  Group. 

Although  this  study  was  initiated  with  two  primary  and  separate 
objectives,  namely,  creating  a  method  for  generating  stress  in  test  situations 
and  evaluating  modes  of  fire  to  be  used  in  the  ACR  field  test,  analyses  of 
correlational  relationships  between  the  data  obtained  for  these  two  purposes 
yielded  interesting  information.  The  marksmanship  performance  measures  used 
were  the  numbers  of  targets  hit  in  the  semiautomatic  and  burst  modes. 

Two  demographic  measures  were  related  to  performance,  measured  as 
targets  hit.  The  longer  the  soldiers  reported  being  in  the  Army,  the  better 
they  performed  in  the  burst  mode;  the  greater  variety  of  weapons  for  which 
they  were  currently  qualified,  the  better  their  performance  was  in  the 
semiautomatic  mode. 

With  regard  to  the  hormone  data,  different  relationships  with 
performance  existed  depending  on  whether  the  subjects  performed  during 
competitive  conditions.  For  the  Control  Group,  lower  prolactin  levels  early 
in  the  morning  of  baseline  day  and  relatively  higher  prolactin  levels  early  in 
the  morning  of  record-fire  day  were  significantly  correlated  with  better 
performance.  For  the  Conpetition  Group,  lower  testosterone  levels  on  baseline 
day  were  significantly  correlated  with  better  performance  in  the  burst  mode, 
and  a  relatively  lower  testosterone  level  early  in  the  morning  of  record-fire 
day  was  significantly  correlated  with  better  performance  in  the  semiautomatic 
mode.  Significant  positive  correlations  were  obtained  for  both  groups  between 
burst  mode  performance  and  change  in  testosterone  level  from  baseline  to 
record-fire  day  at  the  -t-15-minute  time  point.  The  correlations  appear  to  be 
attributable  to  better  performance  by  those  showing  a  smaller  stress  reaction. 

iwo  personality  measures  were  also  related  to  targets  hit.  Lower  scores 
on  both  the  Multiple  Affect  Adjective  Checklist-Revised  (HAACL-R)  Depression 
and  Hostility  trait  subscales  were  significantly  correlated  with  better 
performance  on  this  measure.  However,  none  of  the  state  stress-perception 
measures,  which  were  given  on  baseline  day  or  before  firing  on  record-fire 
day,  were  correlated  with  performance. 
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Some  of  the  psychological  measures  obtained  after  firing  on  record-fire 
day  did  correlate  with  perfomance.  Those  Control  Group  subjects  who  reported 
using  more  avoidance  behaviors  in  coping  with  the  stress  did  not  perform  as 
well  as  those  who  did  not  tend  to  use  that  coping  mechanism. 

Two  post-firing  MAACL-R  State  measures  correlated  significantly  with 
performance.  Cong>etition  Group  subjects  who  performed  well  reported  higher 
Sensation  Seeking  scores  that  reflect  higher  levels  of  excitation.  Control 
Group  subjects  who  performed  worse  in  the  burst  mode  reported  higher  Hostility 
scores  that  reflect  higher  levels  of  frustration. 

This  study  demonstrated  that  competition  can  be  used  to  generate  stress 
in  subjects.  The  level  of  stress  generated  does  not  appear  to  have  been 
sufficiently  intense  to  have  adversely  affected  the  performance  of  the 
Con^tition  Group  relative  to  controls.  Future  applications  of  a  method  for 
generating  stress  in  systems  evaluations  will  require  a  level  of  stress 
comparable  to  combat-induced  stress  levels.  Research  about  methods  of 
generating  a  higher  level  of  stress  will  have  to  continue.  The  results  of 
this  study  suggest  that  con4>etition  might  serve  as  one  component  of  a 
methodology  that  might  include  either  multiple  stressors  or  acute  and  chronic 
stressors. 


CONCLUSIONS 

This  experiment  (1)  demonstrated  that  competition  can  be  used  to 
reliably  produce  a  moderate  level  of  stress,  although  that  level  was 
insufficient  to  degrade  group  level  performance  of  the  shooting  task;  (2) 
showed  that  aim  error  was  greater  in  burst  mode  than  in  semiautomatic  mode; 
<3)  found  that  a  relatively  high  burst  dispersion  coupled  with  a  relatively 
low  aim  error  did  not  improve  burst  mode.  In  addition,  this  experiment  (4) 
failed  to  achieve  aiming  errors  as  large  as  those  described  by  the  AMSAA  worst 
third  aiming  error  function. 
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THE  EFFECTS  OF  COMPETITION  AND  MODE  OF  FIRE  ON  PHYSIOLOGICAL  RESPONSES 
PSYCHOLOGICAL  STRESS  REACTIONS,  AND  SHOOTING  PERFORMANCE 


CHAPTER  1 
INTRODUCTION 

(J.  M.  King,  J.  P.  Torre,  Jr.,  G.  A.  Hudgens) 


A  major  function  of  human  factors  research  organizations  is  to  measure 
the  performance  of  soldiers  as  operators  of  equipment,  to  be  concerned  with 
those  aspects  of  equipment  design  that  either  contribute  to  or  detract  from 
operator-maintainer  performance  during  operational  conditions,  and  to  suggest 
ways  to  best  combine  these  two  factors.  Thi.  -  "hrust  is  at  the  heart  of  the 
human  factors  domain  of  the  Manpower  anu  nnel  Integration  (MANPRINT) 
Program  (MANPRINT  Manager’s  Course,  196€!  Many  data  in  this  area  are 
presently  collected  during  relatively  uenign  but  controlled  laboratory 
conditions,  in  uncontrolled  field  studies,  in  nonexperimental  demonstrations, 
and  in  a  variety  of  developmental  and  operational  tests.  Many  of  these 
studies  are  primarily  tests  of  the  equipment  that  do  not  manipulate  the 
variables,  which  would  require  the  operators  to  perform  during  stressful 
conditions.  Nearly  all  of  the  soldier  equipment  that  is  developed  is  intended 
to  be  operated  by  soldiers  during  the  stress  of  combat . 


STRESS 


It  would  seem  to  be  desirable  to  evaluate  soldier-operator  performance 
during  the  most  extreme  conditions  when  the  system  is  likely  to  operate.  This 
would  be  helpful  in  evaluating  the  performance  of  the  system  and  in 
determining  its  effectiveness  in  operations  research  studies.  However,  it  is 
neither  ethically  nor  legally  feasible  to  expose  soldiers  to  real  danger  in 
order  to  stress  them  in  an  experiment.  Other  alternatives  must  be  sought. 

In  an  attenpt  to  mimic  some  of  the  effects  of  combat  stress,  it  is  first 
necessary  to  define  the  elements  of  combat  stress  and  to  determine  their 
nature.  At  that  point,  one  must  decide  which  of  these  elements  are  amenable 
to  manipulation  during  controlled  conditions.  Field  experiments  are  then 
needed  to  validate  the  variables  chosen.  At  this  point,  a  set  of  standard 
procedures  for  testing  soldier-equipment  performance  during  stressful 
conditions  could  be  developed.  This  is  only  one  of  the  goals  toward  which 
this  experiment  was  directed. 

One  of  the  most  stressful  aspects  of  combat  is  the  ever-present  threat 
to  life  and  limb.  Outside  of  war,  however,  data  cannot  be  collected  about 
performance  that  is  influenced  by  this  particular  stressor.  Efforts  to  induce 
individuals  not  involved  in  combat  to  believe  that  they  are  in  imminent  danger 
to  life  and  limb  have  been  attempted  (Berkun,  Bialek,  Kern,  t  Yagi,  1962; 
Berkun,  1964) .  These  studies  were  successful  in  meeting  this  goal,  and  the 
subjects'  performance  was  disrupted.  Torre  and  Kramer  (1966)  showed  that  fire 
from  a  BB  machine  gun,  directed  at  the  shooter,  could  stress  that  soldier, 
even  when  he  was  heavily  encumbered  with  protective  gear.  The  procedures 
engiloyed  to  stress  subjects  in  this  case  depended  on  the  threat  of  discomfort 
for  their  effectiveness.  Some  aspects  of  the  combat  situation,  other  than  the 
threat  of  discomfort  or  injury,  appear  to  lend  themselves  to  direct 
experimental  manipulation.  These  include  (among  others)  peer  and  leader 
pressure  to  perform  well  for  the  good  of  the  unit  as  a  whole,  individual  and 


collectiv*  readiness  to  meet  the  demands  of  the  situation,  the  amount  of 
information  available  about  tho  situation,  the  amount  of  physical  or  mental 
effort  required,  task  difficulty,  and  the  degree  of  fatigue. 

The  present  work  is  an  attempt  to  extend  past  research  to  include 
soldiers  using  individual  equipment  to  acconplish  military  tasks  when  exposed 
to  a  real  but  non-in jurious  psychological  stressor — competition.  Soldiers' 
performance  would  also  reflect  on  the  unit,  and  would  have  consequences  for 
unit  esprit  de  corps.  Their  self-esteem  and  sense  of  self  worth  would  thus 
seem  to  be  at  risk  in  such  a  situation,  potentially  adding  to  the  perceived 
stress  levels.  A  body  of  scientific  and  anecdotal  evidence  suggests  that 
competition  can  be  much  more  stressful  than  a  subjective  analysis  of  the 
situation  would  lead  one  to  predict.  Anticipation  of,  performance  in,  and 
denial  of  expected  participation  in  a  conpetition  altered  an  index  of  adrenal 
activity,  heart  rate,  and  respiratory  rate  in  direct  relationship  to  the 
psychological  demands  of  the  competitive  situation  and  to  the  relevant  past 
experiences  of  the  subjects  (Ulrich,  1957) .  In  more  recent  studies,  a 
soldier-of-the-montb  competition  has  been  found  to  elevate  heart  rate  and  to 
raise  blood  levels  of  adrenocorticotropic  hormone  (ACTH) ,  endorphin, 
prolactin,  and  cortisol  (Heyerhoff,  Oleshansky,  1  Mougey,  1988) .  In  addition, 
a  conpetitive  peg  board  game  elevated  anxiety,  heart  rate,  and  blood  pressure 
in  study  test  participants  (Karteroliotis  t  Gill,  1987) .  Thus,  competition 
can  introduce  stress,  variously  measured,  into  a  wide  variety  of  situations. 

Stress  responses  can  be  measured  in  several  ways.  Among  the  ways 
available  are  the  following:  monitoring  hormone  levels  in  blood  (Rose,  1980); 
using  surveys  (Kerle  &  Bialek,  1958);  gauging  psychophysiological  reactions 
(Lader,  1975);  and  obtaining  data  about  actual  task  performance  (Berkun  et 
al.,  1982).  Each  of  these  approaches  has  unique  limitations.  No  single 
hormonal  measure  will  adequately  assess  stress  (Hason,  1974;  Rose,  1980) . 
Surveys  depend  on  the  honesty  of  the  respondent,  the  accuracy  of  their  recall, 
and  their  willingness  to  share  personal  information  (Bradburn,  Rips,  t 
Shevell,  1987) .  Individual  psychophysiological  measures  can  also  contradict 
each  other  (Mason,  1971) .  In  the  case  of  task  performance,  the  quality  of  the 
action  is  related  to  the  perceived  stress  level  by  a  complex  function,  the 
effect  of  which  is  generally  to  produce  lower  levels  of  performance  at  very 
low  and  at  very  high  stress  levels  and  to  produce  higher  levels  of  performance 
at  moderate  stress  levels  (Hockey,  1986) .  Overlaying  all  these  concerns  is 
the  problem  of  individual  differences  in  response  to  stress. 

Individual  differences  in  perceptions  of  stress  are  also  important  here 
(Mason,  1975),  as  are  individual  variations  in  personality  traits  and  coping 
strategy  (Rose,  1980) .  Widely  accepted  research  has  demonstrated  the 
advantage  of  using  multiple  indices  of  stress  to  obtain  an  accurate  assessment 
of  the  stress  level  inherent  in  a  situation.  Mason  (1974)  and  Fibiger  and 
Singer  (1984)  have  shown  that  different  stresses  yield  distinct  physiological 
response  profiles,  while  Swenson  and  Vogel  (1983)  have  found  that  the 
intensity  of  the  stressor  can  alter  the  response  profile  by  changing  the 
duration  of  the  response. 

As  noted  above,  research  and  theory  Indicate  that  patterns  or  profiles 
of  physiological  and  psychological  stress  responses  vary  according  to  the  kind 
and  intensity  of  stress  experienced  (Mason,  1974) .  The  picture  emerging  from 
this  research  area  is  that  it  should  be  possible,  by  using  multiple  stress 
indices,  to  develop  a  stress  metric  procedure.  This  has  been  a  laajor 
objective  of  HEL's  stress  research  program  (Hudgens,  Torre,  Chatterton, 
Nansack,  Fat)v.in,  6  OeLeon-Jones,  1986)  .  HEL  presently  has  a  preliminary 
version  of  such  a  metric  procedure  available  for  determining,  in  a  relative 
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sense/  how  stressed  subjects  are  when  experiencing  other  stressorS/  such  as 
those  in^osed  on  the  soldiers  who  participated  in  this  field  experiment.  It 
is  the  authors'  intent  to  apply  this  preliminary  metric  to  studies  of  soldier- 
weapon  system  performance  during  stress  conditions/  as  is  the  case  in  the 
present  research,  to  determine  whether  and  to  what  extent  the  human  element  in 
the  system  is  stressed  by  the  experimental  conditions. 

Through  contracts  with  Northwestern  University  and  Wastside  Veterans' 
Administration  Hospital/  a  basic  research  program  was  initiated  to  obtain 
profiles  of  physiological  and  psychological  responses  from  people  experiencing 
differing  kinds  and  intensities  of  stress.  Examination  (medical  students 
during  a  critical  examination)  and  surgical  (spouses  of  patients  undergoing 
surgery)  stress  were  chosen  for  study  in  this  program  because  they  appeared  to 
share  several  elements  with  combat  stress/  for  exaii^le/  the  threat  to  one's 
ego  and  career  if  one  does  not  perform  to  ei^ctations  and  the  threat  to  life 
or  limb— in  this  case,  of  a  loved  one. 

Significant  progress  has  been  made  in  this  effort .  In  the  surgical 
stress  protocols,  data  are  available  from  spouses  of  patients  undergoing  both 
major  abdominal  and  minor  outpatient  surgery.  During  the  examination 
protocol,  data  collection  is  complete  for  the  medxcal  students  taking  a  highly 
critical  written  examination  (e.g.,  Hudgens,  Chatterton,  Torre,  Slager, 
Fatkin,  Keith,  Rebar,  DeLeon- Jones,  t  King,  1989) .  Extensive  data  from 
unstressed  Control  Groups  are  also  available  for  use  in  our  analyses . 

In  summary,  sufficient  data  have  been  collected  about  response  profiles 
at  the  control,  low  stress  (surgical),  and  moderate  stress  (surgical  and 
examination)  levels  for  these  kinds  of  stress,  so  that  preliminary  evaluations 
can  be  made  of  other  stress  situations  that  fall  within  the  range  of  the 
moderate  stresses  produced  to  date.  Continuing  i.ork  in  this  research  program 
is  focused  upon  completion  of  the  initial  metric  including  high  stress 
response  profiles.  Thus,  we  have  a  usable  preliminary  version  of  a  stress 
metric  to  support  the  analysis  and  evaluation  of  the  stress  levels  produced  in 
the  present  experiment . 


SOLDIER-RIFLE  PERFORMANCE 

To  support  the  ACR  field  test  design  in  terms  of  specifying  target 
behaviors,  shooter  procedures,  and  test  analyses,  the  Joint  Services  Small 
Arms  Program  (JSSAP)  committee  requested  that  HEL  (a)  determine  if  the  aim 
errors  accepted  by  the  analytical  community  as  indicative  of  combat  stress 
could  be  generated  by  task-induced  stressors  coupled  with  the  psychological 
stress  of  competition;  and  (b)  compare  the  performance  of  the  H16A2  equipped 
with  the  NWSC  No.  1  device  firing  in  both  semiautooiatic  and  burst  modes  of 
fire  with  respect  to  hit  probability  and  aim  error. 

The  findings  of  Torre  (1965);  Feldman,  Reed,  Hazell,  Tiller,  Michelsen, 
Walton,  Petti john,  and  Yudowitch  (1959);  Feldman,  Reed,  Hazell,  Love,  Tiller, 
Pettijohn,  Yudowitch,  and  Michelsen  (1961);  Klein  and  Tierney  (1976)  indicate 
that  short  target  exposures,  random  presentations,  and  multiple  targets  are 
representative  of  task-induced  stressors  in  combat.  To  generate  high  aim 
errors  in  this  study,  a  day  defense  scenario  was  constructed  in  which  man 
silhouette  targets  were  randomly  presented  at  unknown  ranges  from  SO  to  300 
meters  for  short  time  periods  singly  and  in  multiples  of  two  and  three.  In 
addition,  the  stress  of  coiig>etition  was  added  by  including  many  of  the 
variables  found  in  the  literature  that  would  promote  maximum  stress,  one  of 
which  was  threat  to  self-esteem,  which  was  generated  by  having  two  elite 


groups  of  soldiors  compote  in  rifle  marksmanship  a  task  expected  of 
infantrymen  which  reflects  upon  their  unit  and  themselves. 

This  study  provides  data  that  may  influence  the  ACR  program  by  providing 
estimates  of  aiming  error  and  hit  probability  for  single  round  and  burst  modes 
of  fire,  and  by  providing  a  methodology  for  producing  a  known  level  of 
experimental  stress  in  soldiers. 


APPROACH 

This  experiment  (i.e.,  the  Salvo  Stress  Study)  esg>loyed  a  multivariate 
approach  to  the  study  of  stress.  Data  were  collected  for  several  hormonal 
responses,  heart  rate  was  studied  in  selected  subjects,  surveys  were  used  to 
estimate  perceived  stress  and  to  assess  aspects  of  personality,  and  the 
soldiers'  performance  with  the  rifle  in  bot.^  single  and  burst  mode  was 
measured.  The  authors  believe  this  is  the  best  approach  to  attack  the  complex 
issues  involved  in  studying  reactions  fo  an^. performance  during  conditions  of 
stress. 

In  designing  and  conducting  this  study,  great  care  was  taken  to  ensure 
the  safety  of  the  subjects.  The  blood>saj^>ling  procedures  were  developed  in 
consultation  with  medical  and  nursing  professionals  and  were  approved  by  the 
Medical  Research  and  Development  Command  Human  Use  Office  (Tauson,  198€a) . 
This  approval  was  subsequently  reaffirmed  <King,  1987) .  The  protocol  had  been 
approved  as  minimal  risk  investigation  by  the  HEL  Human  Use  and  Experimental 
Design  Panel  (Tauson,  1986b) .  The  NWSC  No.  1  muzzle  device  used  to  control 
burst  dispersion  had  received  a  U.S.  Anny  Test  and  Evaluation  Comatand  (TEC<M) 
safety  certification  b<*for«  use  in  the  ’study  (Dixon,  1988)  .  All  firing  was 
conducted  in  accord<i'<^e  *'*ith  HEL  (1987),  which  covers  the  M  range  facility  at 
which  the  study  va?  ru.t'iuc  ,sd. 


objectives 

This  study  was  designed  to  (a)  assist  in  developing  a  procedure  to 
stress  soldiers  while  meaituring  their  performance  of  combat- re  levant  tasks, 
and  adding  to  the  data  base  in  this  area;  and  (b)  provide  data  to  assess  the 
feasibility  of  meeting  seated  requirements  for  the  ACR  program  using  a  serial 
burst  system  with  the  recoil  impulse  of  an  M16A2. 


GENERAL  METHOD 
Subjects 

The  subjects  in  this  field  ci:perirecKnt  were  vO  volunteer  infantrymen,  40 
from  the  82nd  Airborne  Division  and  20  from  the  lOlst  Airborne  Division  (Air 
Assault) .  Units  willing  to  support  this  field  experiment  by  permitting  HEL  to 
recruit  volunteers  were  identified  through  the  Test  Scheduling  and  Review 
Committee  (Department  of  the  Army,  1985)  process  in  coordination  with  Forces 
Command  (FORSCOM)  Headquarters.  During  the  2  competition  weeks,  10  soldiers 
from  each  division  participated  in  the  experiment;  during  the  control  week,  20 
soldiers  from  the  82nd  Airborne  Division  served  as  subjects.  All  the  subjects 
had  been  briefed  about  the  experiment  at  their  home  bases  and  had  signed 
volunteer  agreement  affidavits  before  traveling  to  Aberdeen  Proving  Ground 
(APG) .  The  subjects  were  again  asked  to  sign  this  agreement  (see  Appendix  A) 
upon  their  arrival  at  APG. 
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Apparatus 


Th«  subjects  fired  M855  ball  ammunition  loaded  into  30-round  magazines 
from  M16A2  rifles  which  had  been  equipped  with  NNSC  No.  1  muzzle  devices  to 
control  dispersion  in  burst  mode.  The  safety  certification  for  this  muzzle 
device  is  contained  in  Appendix  B.  The  firing  was  conducted  at  the  H£L 
automated  and  instrumented  small  arms  facility  at  M  range.  This  facility  is 
further  described  in  Appendix  C.  Blood  samples  for  hormonal  analysis  were 
collected  using  standard  indwelling  catheters>  syringes,  and  tubes,  and  were 
collected  in  accordance  with  standard  medical  conditions  by  clinical 
laboratory  technicians  under  the  supervision  of  a  registered  nurse.  Sampling 
was  conducted  in  a  climate-controlled  trailer  immediately  behind  the  firing 
point.  Blood  samples  were  analyzed  by  a  contractor.  These  procedures  are 
described  in  Chapter  3  of  this  report  and  in  Appendix  D.  A  battery  of 
psychological  surveys  was  also  assembled  to  measure  personality  variables  and 
to  assess  reactions  to  the  situation.  These  are  described  in  Chapter  4  and  in 
Appendix  E  of  this  report.  The  heart  rate  data-collection  apparatus  is 
described  in  Chapter  5. 


Procedures 

The  experiment  was  conducted  during  the  weeks  of  7,  14,  and  21  March 
1988  at  AP6,  Hi).  The  weather  conditions  for  these  weeks  are  suinnarized  in 
Appendix  F.  The  tirst  and  third  weeks  were  competition  weeks  during  which  the 
soldiers  from  each  unit  cuiupeted  for  a  plaque  awarded  to  the  high  scoring  unit 
and  for  other  recognition,  while  the  second  week  was  a  control  week  during 
which  no  formal  conpet'tion  occurred.  During  competition  weeks,  the  soldiers 
were  briefed  by  the  Commander,  HEl,  before  record  fire  began,  and  they  ware 
advised  that  high  ranking  visitors  could  be  expected  at  the  range.  During 
competition  firing,  soldiers  were  encouraged  to  remain  in  the  stands  provided 
to  observe  their  peers'  performance,  and  most  of  them  did  so.  A  large 
scoreboard  was  placed  near  the  stands,  and  each  soldier's  score  was  announced 
over  the  public  address  system  and  posted  on  the  scoreboard  along  with  a 
running  total  for  his  team.  A  video  camera  and  recorder  were  placed  behind 
the  firing  point  to  record  shooting  performance  during  competition.  During 
the  noncompetition  week,  soldiers  were  briefed  by  the  field  experiment 
director,  and  the  soldiers  were  permitted  to  rest  in  the  tent  behind  the 
control  trailer  except  when  they  were  actually  firing.  The  video  camera, 
recorder,  and  scoreboard  were  removed  from  the  range  for  this  week,  and  scores 
were  not  publicly  announced. 

The  daily  and  weekly  experimental  schedules  are  given  in  Appendix  G. 
During  each  week,  Monday  was  reserved  for  traveling  from  home  base,  for 
inbriefing,  and  inprocessing.  Tuesday  was  occupied  with  personality  surveys, 
zeroing  of  weapons,  and  familiarization  firing.  On  Wednesday,  four  baseline 
blood  samples  and  baseline  stress  survey  responses  were  obtained,  and 
additional  familiarization  firing  was  conducted.  On  Thursday,  the  record 
firing  scenarios  were  presented  to  the  subjects,  and  the  six  record  firing 
blood  samples  and  the  record  fire  stress  surveys  were  taken.  Each  subject 
fired  two  different  target  scenarios  on  the  record-fire  days,  one  in 
semiautomatic  mode  and  one  in  three-round  burst  mode.  Each  scenario  consisted 
of  36  target  presentation  events.  The  blood  samples  and  surveys  were  timed  to 
occur  at  specified  intervals  before  and  after  record  firing  and  at 
corresponding  times  on  the  baseline  days.  On  Wednesdays  and  Thursdays, 
subjects  were  not  given  lunch  until  after  their  last  blood  samples  had  been 
taken.  The  subjects  were  advised  to  avoid  drinking  alcohol  while  at  APG  and 
to  avoid  all  caffeine-containing  beverages  on  blood-satapling  days.  A  two-way 


17 


radio,  which  was  in  contact  with  Kirk  U.S.  Army  Haalth  Clinic,  was  kept  in  the 
control  trailer  to  be  used  to  summon  aid  in  case  of  an  injury. 

Statistical  analyses  of  the  data  were  conducted  using  the  System  for 
Statistics  (SYSTAT)  version  4.0  (Wilkinson,  1967),  eiccept  as  noted  in  a 
particular  chsptei..  The  alpha  level  for  the  analyses  in  this  report  was  set 
at  0.05. 
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CHAPTER  2 


SHOOTING  PERFORMANCE  DURING  COMPETITION  STRESS 
(S.  Nansack,  J.  P.  Torre,  Jr.,  J.  M.  King,  J.  Mazurczak,  J.  S.  Breitenbach) 


INTRODUCTION 

The  weapon  user  connunity  has  long  expressed  a  need  for  a  new  or 
enhanced  rifle  for  the  combat  soldier.  The  Advanced  Combat  Rifle  (ACR) 
program  has  been  developed  to  accommodate  this  need.  The  purpose  of  the  ACR 
program  is  to  develop  and  assess  rifle  concepts  that  will  increase  hit 
probability  beyond  that  of  the  M16A2.  The  increase  in  hit  probability  rests 
on  two  assumptions.  First,  during  the  stress  of  combat,  aiming  errors  will  be 
large  and  second,  firing  multiple  projectiles  per  trigger  pull,  either 
serially  or  simultaneously,  will  compensate  for  this  large  aiming  error  by 
increasing  the  probability  of  hit  beyond  firing  a  single  projectile.  The 
degree  of  improvement  depends  on  the  aiming  error  associated  with  the  trigger 
pull,  the  number  of  rounds  fired,  and  the  size  of  their  disper.sion.  The 
projected  Improvements  of  ACR  concepts  in  comparison  to  the  Mi6A2  further 
assume  that  the  aiming  error,  although  large,  will  be  the  same  for 
semiautomatic  and  burst  fire.  The  larger  the  aiming  error,  the  greater  the 
improvement.  This  is  true  because  as  aiming  error  increases,  the  opportunity 
for  the  additional  projectiles  to  contribute  to  hit  probability  increases. 
Conversely,  for  small  aiming  errors,  in^rovements  in  hit  probability  for  burst 
systems  are  diminished.  At  present,  the  analytical  community  accepts  an 
aiming  error  function  derived  from  the  performance  of  the  worst  third  of  many 
field  experiments,  offered  by  AMSAA,  as  that  which  may  be  experienced  during 
combat  stress. 

Theoretically  based  analyses  (Fallin,  1969;  Heaver,  1989)  have  led  to  a 
consensus  in  the  small  arms  community  that  approximately  an  8-mil  mean  extreme 
spread  for  a  three-round  burst  is  optimal  for  a  serially  fired  system  (Torre  6 
Querido,  1990/  Weaver,  1989)  . 

The  only  reliable  serially  fired  burst  weapon  capable  of  simulating  ACR 
concepts  is  the  M16A2  equipped  with  a  muzzle  brake.  Currently  among  the  more 
effective  devices  available  for  controlling  the  burst  dispersion  of  the  M16A2 
is  the  Navy  Weapons  Systems  Center  (NWSC)  No.  1  muzzle  oevice  chosen  for  use 
in  this  study.  It  does  not  induce  reliability  problems  during  the  required 
rates  of  sustained  fire  (Spadie,  1986) .  However,  its  i 6-mil  mean  extreme 
Spread  three-round  burst  only  approaches  the  8-mil  dispersion  considered 
optimal  for  a  serial  burst  system. 

Analyses  of  battlefield  marksmanship  (Torre,  1985;  Feldman,  Reed, 
Hazell,  Tiller,  Michelsen,  Walton,  Pettijohn,  (  Tudowitch,  1959;  Feldman, 
Reed,  Hazell,  Love,  Tiller,  Pettijohn,  Yudowitch,  i  Michelsen,  1961;  Klein  i 
Tierney,  1978)  suggest  that  several  task-induced  stressors  would  generate  the 
large  aiming  errors  expect  in  combat.  The  most  apparent  are  the  expectation 
of  short  target  exposures,  unknown  target  locations,  multiple  targets,  and 
random  combinations  of  these. 

To  support  the  ACR  field  test  design  in  terms  of  specifying  target 
behaviors,  shooter  procedures,  and  test  analyses,  the  JSSAP  committee 
requested  that  HEL  (a)  determine  if  the  aim  errors  of  the  magnitude  predicted 
by  the  AMSAA  worst  third  function  could  be  generated  by  task-induced  stressors 
coupled  with  the  psychological  stress  of  competition;  and  (b)  compare  the 
performance  of  the  M16A2  equipped  with  the  NWSC  No.  1  device  firing  in  both 
semiautomatic  and  burst  modes  of  fire  with  respect  to  hit  probability  and  aim 
error.  This  field  experiment  accomplished  both  of  these  tasks. 
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Therefore,  the  Salvo  Stress  (SS)  Study  was  conducted  partly  to  determine 
if  high  aiming  errors  would  be  generated  by  adding  the  stress  of  competition 
to  the  task-induced  stressors  such  as  short  target  exposure  time,  random 
presentation  of  multiple  targets  at  differing  ranges,  and  second,  to  determine 
if  aiming  error  changes  when  multiple  projectiles  are  fired  per  trigger  pull 
in  comparison  to  aiming  error  that  results  from  firing  a  single  projectile. 
The  intent  was  to  use  the  information  obtained  from  this  experiment  to  assist 
in  designing  the  ACR  field  test  to  compare  concepts  and  to  assist  in  the 
assessment  methodology. 

Concurrent  with  this  JSSAP  effort,  HEL,  in  conjunction  with  the  Army 
Development  and  Enq>loyment  Agency  (ADEA)  (Department  of  the  Army,  1985),  has 
been  developing  a  methodology  to  stress  soldiers  in  experimental  settings 
while  measuring  their  performance  of  combat-relevant  tasks.  The  stressing 
procedures  being  considered  employed  the  psychological  stresses  of 
conf>atition,  threats  to  self-esteem,  peer  pressure,  team  interdependency,  and 
pursuit  of  awards  and  public  recognition,  while  manipulating  the  task-related 
variables  of  target  range,  target  number,  and  target  exposure  time. 

A  day  defense  scenario  provided  the  combat-relevant  tasks  upon  which  to 
make  performance  measures  in  semiautomatic  and  burst  modes  of  fire,  as  well  as 
the  vehicle  to  assess  the  NWSC  No.  1  device  and  the  effects  of  competition 
stress  on  performance. 


METHODS 

Subjects 

The  subjects  (see  Chapter  1  for  details)  were  shooters  recruited  from 
elite  infantry  units.  In  addition  to  basic  rifle  marksmanship  training,  all 
subjects  had  expert  record  fire  qualifications  scores.  Sixty  percent  of  the 
soldiers  recruited  had  also  received  M21  sniper  training.  To  the  extent  that 
these  soldiers  were  atypical,  their  expertise  only  served  to  increase  their 
stress  by  raising  the  pressure  on  them  to  perform  well,  while  minimally 
impacting  the  first  two  objectives. 


Apparatus 

The  MISA2s  used  in  this  study  (see  Chapter  1  for  details)  were  equipped 
with  NWSC  No.  1  muzzle  devices.  All  firing  was  conducted  in  ^  v>rdance  with 
HEL  (1987),  which  covers  the  M  range  facility  at  which  ti.e  study  was 
conducted.  Since  the  NWSC  No.  1  is  not  part  of  the  current  M16A2 
configuration,  a  safety  release  was  obtained  from  TECOM  at  APG  (Dixon,  1988; 
see  Appendix  B) .  The  characteristics  of  the  M16A2  flash  hider  and  the  NWSC 
No.  1  device  are  given  in  Table  1.  Standard  E  silhouette  layered  targets 
measuring  40  inches  high  by  20  inches  wide  and  M855  arnnunition  were  used 
throughout  the  field  experiment. 


Procedures 

Each  soldier  was  issued  an  M16A2  equipped  with  an  NWSC  No.  1  device  for 
use  throughout  the  test  week.  No  replacement  weapons  were  required,  subjects 
wore  the  battle  dress  uniform  (BDU)  and  the  personal  armor  system  ground 
troops  (PASGT)  helmet  during  all  firing.  Each  soldier  went  through  the  firing 
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sequence  described  below.  Firing  was  done  from  the  £oxhole~supported 
position . 

Each  soldier  zeroed  the  weapon  firing  at  the  25-’n\eter  scaled  zeroing 
target  for  the  M16A2.  The  procedure  followed  is  outlined  in  the  current 
training  guidelines  (Marine  Corps,  1983) .  The  rear  sight  elevation  knob  was 
set  one  click  right  of  the  300-meter  mark  (8/3  setting)  .  Aim  point  was  at 
target  center.  The  soldier  fired  three  self-paced  rounds  at  the  target.  If 
the  shot  group  was  sufficiently  tight,  any  required  adjustments  were  made. 
This  procedure  was  repeated  until  all  three  rounds  were  covered  by  the  zeroing 
circle  superimposed  on  the  target .  After  the  25-meter  zero  was  completed,  the 
rear  sight  elevation  knob  was  rotated  left  one  click  (3/8  setting) .  The 
weapon  was  then  zeroed  for  300  meters. 

Each  soldier  was  given  four  30-rcund  magazines  of  M855  annuunition  for 
familiarization  firing.  The  subjects  were  instructed  as  follows: 

Targets  will  be  presented  from  50  to  300  meters  for  a  5-second 
interval.  The  first  magazine  is  fired  in  the  semiautomatic  mode  at 
your  individual  pace.  There  is  no  limit  to  the  number  of  trigger 
pulls  taken  at  any  target;  rather  it  is  left  to  your  discretion  to 
determine  whether  sufficient  time  remains  for  additional  rounds  to 
be  fired.  The  next  three  magazines  are  fired  in  the  burst  mode 
(three  rounds  per  trigger  pull) .  The  instructions  outlined  for  the 
semiautomatic  mode  still  apply,  but  you  are  encouraged  to  always 
attempt  to  fire  three  rounds  per  trigger  pull  as  oppo.sed  ti.. 
limiting  the  burso  by  controlling  trigger  pressure. 

Table  1 

Characteristics  of  the  M16A2  Flash  Hider  and  the  NWSC  No.  1  Device 


M16A2  flash  hider  dimensions: 

Length  1.75  inches 
Outside  diameter  0.86  inch 
Weight  2.06  ounces 

Performance  values  of  M16A2  with  stendard  flash  hider 
Recoil  impulse  1.35  lb-sec 
Rate  of  fire  819  rounds  per  minute 
Mean  extre>i\e  spread  22.4  mils 

NWSC  No.  1  device  dimensions: 

Length  1.80  inches 
Outside  diameter  0.864  inch 
Weight  2.15  ounces 

Performance  values  of  M16A2  with  NWSC  No.  1  Device: 

Recoil  impulse  0.96  lb-sec 

Rate  of  fire  610  rounds  per  minute 

Mean  extreme  spread  15.9  mils 

The  NWSC  No,  1  is  a  cylindrical  device  consisting  of  two  sets  of  five  slots 
arranged  symmetrically  about  the  vertical  axis.  The  first  set  of  slots  is 
0.125  inch  wide  and  0.3  inch  long.  The  second  set  of  slots  is  0.19  inch  wide 
and  0.675  inch  long.  The  separation  of  the  slots  is  65°.  The  device  has  a 
Q.  73-inch  solid  bottom. _ 1 _ 
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During  rei  ord  fire,  each  soldlei  fired  two  scenarios,  each  with  a 
different  target  presentation  sequence.  Each  scenario  consisted  of  36  target 
presentation  events.  Events  involved  presenting  one,  two,  or  three  targets 
for  1.5,  3,  or  5  seconds  at  50,  100,  200,  or  300  meters.  The  target 
presentations  were  made  in  random  order  to  eliminate  any  learning  effects. 
Subject-sequence  pairings  were  also  randomly  determined.  See  Appendix  H  for 
detailed  descriptions  of  these  scenarios. 

All  scenario  presentations  were  stopped  when  necessary  to  allow  magazine 
changes  or  correction  of  malfunctions.  At  the  end  of  a  scenario,  alibis  for 
the  targets  missed  because  of  malfunctions  were  presented  in  the  exact 
sequence  missed  and  at  the  normal  scenario  pace.  fMote.  An  alibi  is  defined 
as  an  opportunity  to  repeat  a  shot  as  a  result  of  equipment  malfunction.) 
Bursts  of  fewer  than  three  rounds  were  not  alibied.  The  subjects  were 
instructed  as  follows: 

Two  separate  scenarios  will  be  fired,  one  in  the  semiautomatic 
mode  and  the  other  in  the  burst  mode,  '.'he  order  for  mode  of  fire 
will  be  determined  as  you  approach  the  lane.  Tiring  should  be 
done  from  the  foxhole-.'upported  position  in  the  way  that  is  most 
conducive  to  defeating  the  targets.  There  is  no  limit  to  the 
amount  of  ammunition  that  can  be  fired.  You  may  fire  as  many 
rounds  as  you  feel  are  needed  to  defeat  the  targets.  Again,  you 
are  encouraged  to  ta)ce  advantage  of  all  three  rounds  using  the 
burst  mode. 

The  firing  sequences  and  points  of  instruction  about  target  engagement 
were  the  same  for  both  the  Competition  and  Control  Groups.  The  points  of 
instruction  differed  between  groups  about  the  explanation  given  to  the 
soldiers  for  participation  in  the  study  before  and  after  their  ar  ival  at  the 
APG  site.  The  Competition  Groups  were  informed  that  a  major  issue  was  to 
determine  which  unit  possessed  the  best  rifle  marksmanship  program,  and  that 
this  was  not  only  of  interest  to  HEL  but  to  the  Army  in  general.  The  groups 
were  continually  made  aware  that  competition  was  to  be  keen  and  that  they  were 
expected  tc  perform  well.  There  were  constant  reminders,  including  video 
cameras  to  record  their  performance  and  newspaper  articles  discussing  the 
competition,  that  tne  military  community  would  be  apprised  of  their 
performance.  On  the  other  hand,  the  Control  Group  was  instructed  that  the 
reasons  for  their  study  participation  were  to  provide  firing  data  about  a  new 
muzzle  device  currently  being  investigated  and  to  assess  their  reactions  to 
participating  in  the  experiment.  Emphasis  was  placed  on  the  need  to 
accurately  assess  weapon  performance,  but  no  reference  was  made  to  high 
expectations  regarding  individual  performance.  Soldiers  were  explicitly 
instructed  to  refrain  from  discussing  experimental  procedures  with  subjects  in 
subsequent  groups  until  after  the  field  experiment  was  completed. 

The  range  was  computer  controlled,  and  all  firing  data  were  collected  on 
line.  Target  presentations  (see  Appendix  H  for  data  co.icerning  target  range, 
target  number,  and  target  exposure  time)  were  controlled  using  a  scenario 
generation  program  written  on  a  cassette  and  executed  on  a  Hewlett-Packard 
9100.  This  configuration  allowed  individual  lane  control.  Since  the  targets 
were  hit  sens.itive,  an  electrical  short  circuit  caused  by  the  projectile 
passing  through  the  target  registered  as  a  hit  and  provided  strike  feedback  to 
the  soldier  as  well  as  hit  and  miss  data  to  the  computer.  A  firing  pressure 
sensor  adjacent  to  the  muzzle  of  the  weapon  was  used  to  trigger  a  shot  counter 
and  to  time  stnmp  the  trigger  pull  in  relation  to  the  target  up  signal.  Data 
were  collected  and  stored  on  a  Compaq  con^uter.  Upon  completion  of  a  scenario 
presentation,  individual  totals  of  target  hits  and  shots  fired  were  printed 


•nd  sav«d  aa  a  diak  file.  For  the  atreaa  groupa#  reaulta  were  reported  over  a 
public  addreas  ayatem,  then  poated  on  a  acoreboard  where  running  group  totala 
were  tallied.  Any  additional  proceaaing  of  data  waa  done  off  line. 

Data  for  each  group  were  stored  aa  an  ASCII  file  and  preproceased  using 
a  Turbo  Pascal®  data  reduction  program  written  by  Or.  Joel  Kalb  of  the 
Auditory  Performance  Team,  Behavioral  Research  Division,  H£L.  This  program 
was  based  on  work  i-eported  in  Grubbs  (1964)  .  Statistical  analyses  wore 
conducted  using  Statistical  Analysis  System  (SAS,  1985) . 


RESULTS 

The  design  employed  groups  (two  competition  versus  one  control).  Mode  of 
Fire  (semiautomatic  versus  three-round  burst).  Range  (SO,  100,  200,  and  300 
meters).  Target  Exposure  Time  (1.5,  3.0,  and  5.0  seconds),  and  number  of 
Targets  presented  at  a  time  (one,  two,  or  three)  as  independent  variables  in  a 
fixed  effects  analysis  of  variance  (ANOVA),  since  groups  were  the  experimental 
unit.  The  Groups  x  Mode  x  Range  x  Time  x  Target  mean  square  interactions  were 
used  as  the  error  term.  Targets  hit  (Hits)  were  used  as  the  dependent 
measure.  Statistical  analysis  was  done  using  SAS®  Version  5.0  (1985).  The 
data  were  subjected  to  log  transformation  before  analysis.  Post  hoc  analyses 
were  conducted  using  Scheff^'s  Test  with  an  alpha  level  of  0.05.  Figures  1 
through  3  show  the  hits  for  one  target  presented  for  1.5,  3,  and  5  seconds, 
respectively.  Figures  4  through  6  show  the  hits  for  two  targets  presented  for 
1.5,  3,  and  5  seconds,  while  Figures  7  through  9  show  the  hits  for  three 
targets  presented  for  1.5,  3,  and  5  seconds. 

Results  of  the  ANOVA  described  above  revealed  that  among  the  main 
effects,  the  groups  variable  had  no  overall  effect  on  Hits  (P(2,  32)  -  0.72). 
Mode  was  signlt  .cant  (F(l,  32)  -  10.80,  p<.0025),  reflecting  more  Hits  in 
burst  mode  than  in  semiautomatic  mode.  The  effect  resulting  from  Range  was 
significant  (F(3,  32)  >  668.45,  p<.0001),  indicating  that  Hits  declined  as 
range  increased.  ScheffO's  test  indicated  that  all  four  ranges  differed  from 
each  other.  Time  of  exposure  had  a  major  impact  on  Hits  (F(2,  32)  1164.04, 
p<.0001) .  More  targets  were  hit  at  longer  exposure  times.  All  three  exposure 
times  differed  from  each  other  based  on  ScheffA's  tests.  The  Target  variable 
was  also  significant  (F(2,  32)  -  97.63,  p<.0001).  More  Hits  were  obtained 
vith  three  targets  presented  than  one,  but  performance  was  lowest  when  two 
targets  were  exposed.  Scheff6's  test  revealed  that  one,  two,  and  three  target 
exposures  were  different.  The  two  target  presentations  required  a  large 
angular  change  in  weapon  orientation  to  engage  either  of  the  targets 
presented.  Also,  performance  during  the  one  and  three  target  presentations 
was  similar,  because  the  center  target,  presented  in  both  cases,  was  generally 
engaged  first. 

Among  the  two-way  interactions,  the  Groups  x  Mode  (F(2,  32)  ■  0.34), 
Groups  X  Target  (F(4,  32)  -  2.14),  Mode  x  Range  (F(3,  32)  -  0.63),  Mode  x  Time 
(F(2,  32)  -  2.47),  and  Mode  x  lurget  (F(2,  32)  -  0.78)  interactions  failed  to 
achieve  significance.  The  significant  Groups  x  Range  interaction  (F(6,  32)  ■ 
2.70,  p<.031)  reflects  the  finding  that  the  Control  Group  performed  better 
than  the  Competition  Groups  at  ranges  less  than  300  meters,  while  the 
Conpatition  Groups  obtained  more  Hits  at  300  meters.  The  Groups  x  Time 
interaction  (F(4,  32)  ■  3.55,  p<.017)  is  a  result  of  the  first  Competition 
Group's  poor  performance  during  l.S-second  exposure  conditions.  The  Range  x 
Time  interaction  (F<6,  32)  -  23.52,  p<.0001)  indicates  that  the  effects  of 
decreased  exposure  times  were  exaggerated  at  longer  ranges.  The  Range  x 
Target  interaction  (F(6,  32)  ■  13.63,  p<.0001)  suggests  that  the  detrimental 


23 


4>  Group  1  Modo  1 
Group  1  Modo  3 


RANGE 


^  Group  2  Modo  1 
Group  2  Modo  3 


^  Group  3  Modo  1 
■>  Group  3  Modo  3 


Figuro  1.  Hits  for  ono  targot  prosontod  for  1.5  soconds  as  a  function  of  mode 
of  fire  (Mode  1  ■■  semiautomatic.  Mode  3  -  throe-round  burst)  and 
range  for  Competition  Group  1  (top) ,  Control  Group  2  (middle) ,  and 
Competition  Group  3  (bottom) . 
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Figure  2.  Hits  for  one  target  presented  for  3  seconds  as  a  function  of  mode 
of  fire  (Mode  1  eemiautotnstic.  Mode  3  >  three-round  burst)  and 
range  for  Con^etition  Group  1  (top).  Control  Group  2  (middle),  and 
Competition  Group  3  (bottom) . 
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Figure  3.  Hits  for  one  target  preaented  for  5  aeconds  an  a  function  of  mo<Se 
of  fire  <Mode  1  •  aemlautomatic^  Mode  3  *  three-round  burst)  and 
range  for  Conqjetition  Group  1  (top) ,  Control  Group  2  (middle) ,  and 
Competition  Group  3  (bottom) . 
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Figure  4.  Hits  for  two  targete  preeented  for  1.5  seconds  as  a  function  of 
mode  of  fire  (Mode  1  ■  seBdautomatiC/  Mode  3  •  three-round  burst) 
and  range  for  Competition  Group  1  (top) ,  Control  Group  2  (middle) , 
and  Competition  Group  3  (bottom) . 
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Hite  for  two  tergets  presented  for  3  seconds  as  a  function  of  node 
of  fire  (Mode  1  «  se^ automatic.  Mode  3  *  three-round  burst)  and 
range  for  Conpetition  Group  1  (top) ,  Control  Group  2  (middle) ,  and 
Competition  Group  3  (bottom) . 
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Figure  6. 
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Hite  for  two  targets  presented  for  5  seconds  as  a  function  of  mode 
of  fire  (Mode  1  ■  se^autoi&atic.  Mode  3  -  three-round  burst)  and 
range  for  Competition  Group  1  (top)/  Control  Group  2  (middle)/  and 
Competition  Group  3  (bottom) . 
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Figur*  7.  Hita  for  thr««  targata  praaantad  for  1.5  aeconda  aa  a  function  of 
noda  of  fira  (Moda  1  ■  aaaiiautonatlc,  Moda  3  -  thraa-round  burat) 
and  rang#  for  Conpatltlon  Group  1  (top).  Control  Group  2  (mlddla) , 
and  Conpatltlon  Group  3  (bottom) . 
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Figure  8.  Hits  for  three  targets  presented  for  3  seconds  as  a  function  of 
mode  of  fire  <Mode  1  -  semiautomatic.  Mode  3  ~  three-round  burst) 
and  range  for  Competition  Group  1  (top).  Control  Group  2  (middle), 
and  Competition  Group  3  (bottom) . 
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Figure  9.  Hits  for  three  targets  presented  for  5  seconds  as  a  function  of 
node  of  fire  (Mode  1  ■  semiautomatic,  Mode  3  ■  three-round  burst) 
and  range  for  Coiq^etition  Group  1  (top),  Control  Group  2  (middle), 
and  Conpetition  Group  3  (bottom) . 
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effect  of  the  two-target  presentation  was  decreased  at  longer  ranges.  The 
Time  X  Target  interaction  (F(4,  32)  “  71.61,  p<.0001)  indicates  that  the  two 
target  presentations  were  relatively  more  difficult  at  shorter  exposure  tiroes. 

Several  three-way  interactions  failed  to  achieve  significance.  These 
included  the  Groups  x  Mode  x  Target  (r(4,  32)  >  1.48),  Groups  x  Range  x  Tine 
(F(12,  32)  -  1.74),  Groups  x  Range  x  Target  (F(12,  32)  ■  1.57),  Groups  x  Tine 
x  Target  (F<8,  32)  ■  .52),  Mode  x  Range  x  Time  {F(6,  32)  «  .86),  Mode  x  Range 
X  Target  (F<6,  32)  -  1.37),  and  Mode  x  Time  x  Target  {F(4,  32)  -  .33) 
interactions.  Among  the  significant  three-way  interactions  were  the  Groups  x 
Mode  X  Range  (F(6,  32)  -  3.35,  p<.011).  Groups  x  Mode  x  Tine  (F(4,  32)  -  2.68, 
p<.049),  and  the  Range  x  Time  x  Target  <F(12,  32)  -  8.73,  p<.0001) 
interactions . 

Among  the  four-way  Interactions,  the  interactions  of  Groups  x  Mode  x 
Range  x  Target  (F(12,  32  1.60)  and  Groups  x  Range  x  Time  x  Target  (F(24,  32) 
-  1.58)  interactions  failed  to  achieve  significance.  The  Groups  x  Mode  x 
Range  x  Time  (F(12,  32)  -  2.30,  p<.029)  and  Mode  x  Range  x  Tine  x  Target 
(F(12,  32)  -  2.34,  p<.027)  interactions  were,  however,  significant. 

For  a  thorough  cotpariscn  of  semiautomatic  (one  round  per  trigger  pull) 
to  burst  mode  (three  rounds  per  trigger  pull),  a  number  of  performance 
parameters  must  be  addressed. 

Targets  hit  per  fir^t  trigger  pull  (FTP)  considered  any  of  the  three 
projectiles  of  the  first  burst  mode  when  totaling  targets  hit  but  did  not 
count  mul'-iple  hits  on  a  target  as  more  than  one  Hit.  Over  all  ranges,  78.4% 
of  targets  hit  in  semiautomatic  fire  were  FTP  hits  compared  with  77%  for  burst 
fire.  Of  the  77%  FTP  hits  for  burst  fire,  13.4%  was  the  result  of  the  second 
and  third  rounds  of  f.he  FTP. 

Additional  trigger  pulls  were  counted  during  any  individual  step  of  the 
target  presentation  scenario,  provided  no  target  was  hit  during  the  FTP.  Any 
subsequent  trigger  pull,  regardless  whether  it  was  fired  at  the  same  target  or 
not,  was  an  additional  trigger  pull.  Ten  percent  more  trigger  pulls  were 
ti' ten  in  the  burst  mode  than  in  semiautomatic  mode.  However,  on  a  target-hit- 
per-trigger-pull  basis,  the  result  was  a  23.2%  hit  probability  for 
semiautomatic  fire  versus  22.0%  hit  probability  for  burst  fire  on  this 
measure. 

First  round  hit  (FRH)  per  FTP  considered  only  the  first  projectile  of 
the  three-round  burst  of  the  FTP  on  a  target.  Since  detailed  information 
about  time  of  shot  was  recorded  at  the  firing  line,  the  residual  velocity  of 
the  M855  round  at  the  target  was  )cnown,  and  the  time  stamp  for  target  hits  was 
)cnown,  each  projectile  of  the  burst  for  any  trigger  pull  could  be  scored 
separately.  At  all  ranges,  the  FRH/FTP  of  the  burst  mode  was  less  than  that 
observed  during  the  semiautomatic  mode  of  fire.  The  additional  targets  hit 
during  the  burst  mode  were  the  result  of  the  second  and  third  rounds  of  the 
burst  as  opposed  to  the  first  round.  Over  all  ranges,  semiautomatic  fire 
produced  78.4%  FRH/FTP  compared  to  63.6%  FRH/FTP  for  burst  fire.  This  is 
consistent  with  our  earlier  observation  that  13.4%  of  targets  hit  during  the 
FTP  are  the  result  of  the  second  and  third  projectiles. 

Through  the  use  of  the  aim  error  calculation  procedure  described  above, 
the  aiming  error  associated  with  the  first  round  of  the  FTP  was  determined. 
These  data  (see  Figure  10)  clearly  indicate  that  a  substantially  increased  aim 
error  was  associated  with  burst  fire  at  all  ranges.  The  aim  error  penalty 
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associatad  with  burst  fire  ranged  from  a  high  of  0.57  mil  at  100  meters  to  a 
low  of  0.24  mil  at  300  meters. 

The  average  elapsed  time  between  target  presentation  and  the  first 
trigger  pull  hit  for  semiautomatic  mode  was  1.5  seconds,  while  the 
corresponding  value  for  burst  mode  was  1.2  seconds.  Note  that  a  center  target 
was  presented  in  two-thirds  of  these  cases  (one  target  and  three  targets) . 
The  average  reaction  time  was  substantially  increased  if  a  large  angular 
correction  in  weapon  orientation  was  required,  as  was  the  case  when  two 
targets  were  presented.  The  low  performance  observed  with  1.5-second  exposure 
times  may  result  from  this  particular  exposure  duration  nearly  equalling  the 
time  required  to  fire  the  first  shot  or  burst. 


AMSAA  Aim  Error  Function 


50  100  200  300 

RANGE 


Figure  10.  Aiming  error  in  mils  as  a  function  of  mode  of  fire  and  range. 


DISCUSSION 

The  soldiers'  training  seemed  to  affect  their  performance  in  this 
experiment.  In  almost  all  scenarios  in  which  multiple  targets  were  presented 
and  the  first  target  fired  upon  was  missed,  the  authors  observed  that  the 
soldiers  reacquired  and  reengaged  the  missed  target,  even  if  they  had  already 
acquired  a  second  target.  All  the  marksmanship  instruction  the  soldiers 
received  inf>lied  that  it  is  more  effective  to  re-acqulre  and  reengage  a  missed 
target  than  to  acquire  and  engage  a  new  target.  The  effects  of  that  training 
were  apparent  even  under  the  influence  of  the  task-induced  and  competition 
stressors.  Although  multiple  targets  were  displayed  and  the  soldiers  were 
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well  aware  of  the  short  exposure  tiroes,  the  firing  technique  emphasized  during 
training  was  strictly  followed. 

When  firing  in  burst  mode,  the  soldiers  appeared  to  fire  the  first  round 
faster  and  tolerate  a  larger  aim  error  to  do  so.  The  average  time  to  fire 
data,  which  is  the  time  to  discharge  the  first  round  after  a  target  is 
detected  given  that  there  is  a  target  hit,  was  1.2  seconds  for  burst  mode,  as 
opposed  to  1.5  seconds  for  the  semiautomatic  mode.  Since  the  sight  picture 
presumably  did  not  change  and  targets  were  no  easier  to  acquire,  a  plausible 
explanation  for  this  increased  firing  quickness  is  that  the  soldier  perceived 
the  advantage  of  burst  fire  as  additional  rounds  dispersed  around  the  target 
which  would  compensate  for  their  decreased  aiming  accuracy. 

It  was  expected  that  because  of  the  weapon  climb  when  firing  burst  mode, 
it  would  be  more  difficult  to  re-aequire  the  target  and  obtain  a  sight  picture 
for  firing  subsequent  bursts.  This  did  not  seem  to  be  the  case.  In  burst 
mode,  a  greater  number  of  trigger  pulls  were  recorded  than  in  semiautomatic 
mode,  with  a  similar  percentage  of  targets  defeated  as  in  semiautomatic  mode. 
One  reason  for  this  is  that  the  time  to  fire  in  burst  mode  was  0.3  second  less 
than  in  semiautomatic  mode,  perhaps  attributable  to  pointing  rather  than 
aiming  the  weapo.i.  This  mere  rapid  firing  created  more  engagement 
opportunities.  These  additional  opportunities  may  have  operational 
significance. 

Several  exattples  of  targets  being  hit  by  more  that  one  projectile  of  a 
burst  (strikes)  were  recorded.  These  data  are  presented  in  Figure  11. 
Although  multiple  strikes  are  probably  desirable,  they  may  not  outweigh  the 
disadvantage  of  the  increased  combat  load  which  would  be  required  if  burst 
mode  were  relied  upon  extensively.  The  added  weight  because  of  additional 
ammunition  fired  just  for  the  scenarios  presented  in  this  exp>eriment  is  3.66 
pounds  per  soldier,  based  on  published  weights  for  M855  ammunition  (Department 
of  Defense,  1981)  .  When  questioned,  the  soldiers  made  it  clear  that  moderate 
improvements  in  performance  would  not  justify  tripling  their  ammunition  load. 
The  soldiers  thought  that  combat  load  should  be  decreased  instead  of 
increased. 

As  was  stated  previously,  the  mean  extreme  spread  of  a  three-round  burst 
for  the  Ml 6  would  have  to  be  about  6  milliradians  to  optimize  hit  probability 
across  the  target  ranges  used  in  this  experiment  for  the  aiming  error  function 
offered  by  AMSAA  and  accepted  by  the  analytical  community.  The  aiming  error 
is  a  negative  exponential  function  of  range  whose  values  vary  from  an  8-mil 
standard  deviation  at  50  meters  to  2.9  mils  at  300  meters,  whereas 
corresponding  experimental  values  are  approximately  4.2  mils  and  2.3  mils, 
respectively.  Note  that  the  burst  dispersion  of  the  M16A2  is  22  mils,  and  the 
M16A2  equipped  with  the  NHSC  No.  1  muzzle  device  is  16  mils.  AMSAA 
predictions  showed  that  little  inprovement  could  be  expected  from  a  system 
with  a  16-mil  mean  extreme  spread  except  at  close  range.  The  only  significant 
improvement  in  targets  hit  found  in  this  experiment  was  at  50  meters, 
confirming  this  prediction.  Also,  this  experiment  was  unable  to  generate  aim 
errors  as  large  as  those  of  the  AMSAA  function. 

Although  the  competition  generated  in  this  field  experiment  (the  SS 
study)  produced  significant  stress  responses,  as  documented  in  the  next  two 
chapters,  it  did  not  result  in  overall  performance  differences  between 
CoiqTetition  and  Control  Groups  in  terms  of  targets  hit. 
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Figure  11.  Targets  hit  as  a  function  of  group  and  mode  of  fire.  (BURST  hits 
include  targets  struck  by  one  or  more  projectiles  in  a  burst. 
BURST-TOTAL  STRIKES  counts  multiple  hits  within  the  same  burst  on 
the  same  target . ) 


CONCLUSIONS 

In  thi:>  chapter,  we  have  reported  that  (a)  competition  failed  to  change 
overall  group  shooting  performance;  (b)  aim  error  was  greater  in  burst  mode 
than  in  semiautomatic  mode;  (c)  the  aim  errors  genrirated  were  smaller  than 
those  accepted  by  the  analytical  community  as  expected  during  combat  stress, 
particularly  for  short  ranges,  although  this  discrepancy  decreased  as  range 
increased;  (d)  as  predicted,  a  relatively  large  burst  dispersion  coupled  with 
a  relatively  low  aim  error  did  not  improve  burst  mode  l^yond  semiautomatic 
fire;  and  (e)  as  expected,  target  range,  time  of  exposure,  and  the  number  of 
targets  presented  influenced  hit  probability. 


CHAPTER  3 


HORMONE  RESPONSES  TO  COMPETITIVE  MARKSMANSHIP 
(G.  A.  Hudgens,  L.  T.  Fatkln,  J.  P.  Torre,  Jr.,  J.  M.  King, 
S.  E.  Slager,  R.  T.  Chatterton,  Jr.) 


INTRODUCTION 

The  HEL  Salvo  Stress  <SS)  study  was  conducted  as  a  field  experiment 
supporting  two  principal  purposes:  (a)  the  evaluation  of  competition  as  an 
effective  consonant  in  a  methodology  to  produce  a  )cnown  level  of  stress  in 
soldier-equipment  performance  testing;  and  (b)  the  generation  of  performance 
data  on  the  soldier-M16A2  rifle  system  in  support  of  the  projected  Advanced 
Combat  Rifle  (ACR)  field  test.  The  physiological  data  described  in  this 
chapter  and  the  psychological  data  described  in  the  following  chapter  were 
obtained  as  coii9>onents  of  the  confMtition  stress  evaluation.  These  data  were 
collected  to  help  determine  whether  the  con^aetition  generated  was  stressful  to 
rhe  soldiers  and,  if  so,  to  help  determine  how  stressed  the  soldiers  were  and 
how  the  level  of  stress  related  to  their  performance. 

Since  the  introduction  of  the  concept  of  str  iss  by  Selye  (193S),  the 
primary  indicators  and  validators  of  stress  responses  have  been  physiological. 
They  have  involved  the  measurement  of  the  catecholamines,  primarily  adrenaline 
and  noradrenaline,  which  are  secreted  as  the  result  of  activity  of  the 
sympathetic  adrenal  medullary  system,  and  the  measurement  of  corticosteroids, 
such  as  cortisol,  which  are  secreted  as  the  result  of  activity  of  the 
pituitary-adrenocortical  system.  Selye's  original  concept,  which  has  been 
predominant  in  the  field  ever  since,  in^licated  these  responses  as  the 
responses  to  be  expected  in  all  cases  when  an  organism  is  stressed  <his 
"nonspecificiti"  concept) . 

The  half-century  dominance  of  Selye's  concept  has  caused  confusion  in 
the  area  and  has,  according  to  Mason  (1971),  stifled  further  research  into 
stress  mecnanisms.  From  both  clinical  and  experiment;!  stress  data  came 
evidence  oi  conjiderable  individual  variability  as  to  the  natu*  '  of  stimuli 
required  to  elicit  a  response  and  the  degree  of  (cav  .amine  or 
corticosteroid)  response.  Nevertheless,  Selye's  views  we:  strongly 
accepted  that  few  considered  entertaining  alternate  theories. 

During  the  last  3  decades,  considerable  experimental  and  clinical  data 
have  accumulated  which  do  not  support  Selye's  early  notions;  these  data  have 
led  some  Investigators  to  new  theoretical  concepts  to  account  for  much  of  the 
observed  stress  response  variability  (Mason,  1974,  1975;  Seggie  4  Brown. 
1982) .  While  Mason  addressed  stressor-specific  response  profiles  and  Seggie 
and  Brown  addressed  pathway-specific  stress  responses,  both  formulations  were 
based  on  recent  advances  in  kno  ledge  about  the  variety  of  different  hormonal 
and  other  physiological  responses  regulated  by  a  variety  of  different  control 
patnways.  Thus,  both  theoretical  formulations  predict  that  different  kinds 
and  levels  ol  stressors  interact  with  personal  characteristics  (e.g., 
personality  ^r  memory  of  past  experience)  to  yield  stressor-specific  response 
profiles . 

In  practical  terms,  the  preceding  means  that  we  need  to  know  (regarding 
the  ability  to  evaluate  competition  as  a  stressor  in  this  study)  (a)  which 
physiological  and  psychological  response  indices  are  likely  to  be  responsive 
to  the  stressor  in  question,  and  (b)  how  these  responses  are  likely  to  be 
modified  by  measurable  personal  variables  such  as  personality.  The  HEL  basic 


research  program^  "Conibat  Stress  Mechanissts  and  Effects  on  Performance,"  is 
designed  to  provide  this  knowledge. 

Through  a  current  contractual  effort  with  Northwestern  Uni  -ersity  and  a 
prior  effort  with  the  Veterans'  Administration  Nest  Side  Medica^  Center,  the 
program  seeks  to  obtain  extensive  physiological  and  psychological  response 
data  in  a  number  of  protocols  investigating  different  kinds  and  intensities  of 
stressful  situations.  Physiological  stress-response  measures  include  the  more 
traditional  ones,  the  catecholamines  {epinephrine  and  norepinephrine)  and  the 
adrenocortical  hormone  cortisol,  and  other  hormones  store  recently  shown  to  be 
responsive  to  various  stressors  (growth  hormone,  luteinizing  hormone, 
testosterone,  and  prolactin) .  in  addition,  the  program  is  now  including  in 
its  battery  two  opioid  peptides  (beta-endorphin  and  Met-enkephalin) ,  recently 
shown  to  be  part  of  the  body's  analgesic  response  to  stress.  These  opioid 
peptides  represent  an  extensive  variety  of  such  responses  to  stress  that 
promise  to  provide  new  insights  about  how  the  body  handies  stress .  While  many 
of  the  analgesic  responses  occur  in  response  to  acute  stressors,  their  siore 
long-term  effects  suggest  that  their  role  may  be  more  important  to  the  body's 
handling  of  chronic  stress.  In  the  same  protocols,  psychological  assessments 
are  made  of  the  subjects'  personality  traits,  coping  mechanisms,  and 
perceptions  of  how  stressed  they  feel  at  different  times.  The  specific  goals 
of  the  program  are  (a)  to  verify  the  notion  that  different  kinds  and  levels  of 
stress,  interacting  with  personal  variables,  yield  unique  physiological  and 
psychological  response  profiles;  (b)  to  create,  in  effect,  a  collection  of 
such  profiles  against  which  other  stressors  can  be  evaluated;  (c)  to  determine 
which  combination  of  physiological  and  psychological  indices  might  be  most 
efficiently  and  effectively  used  to  measure  stress  experienced  by  subjects  in 
future  efforts;  and  (d)  to  develop  a  data  base  that  will  allow  modeling  of 
combat  stress  by  including  data  for  more  combat-like  stressors  and  by 
extending  the  investigations  to  include  the  effects  of'  multiple  and  chronic 
stressors . 

Because  the  current  effort  (i.e.,  the  HEL  88  study)  was  accomplished  in 
a  relatively  early  stage  of  the  basic  research  program  just  described,  the 
evaluation  of  competition  as  a  stressor  in  this  effort  will  necessarily  be 
limited.  Data  derived  from  low  and  moderate  level  stressors  are  nearly 
complete  for  several  stressors  in  the  basic  program.  However,  collecting  data 
on  people  who  are  experiencing  truly  high  levels  of  stress  (e.g.,  when  life, 
limb,  ego,  or  career  are  threatened)  has  proved  to  be  quite  difficult.  The 
necessary  voluntary  cooperation  of  the  people  involved  has  been  quite  limited. 
Ccnsequently,  the  authors'  current  ability  to  evaluate  new  stressors  relative 
to  the  others  for  which  data  are  adequate  appears  to  be  limited  to  low  and 
moderate  stress  levels.  If  the  stress  that  can  be  generated  by  competition 
proves  to  be  within  the  moderate  range,  an  evaluation  should  be  valid.  If  it 
proves  to  be  more  stressful,  the  evaluation  will  suffer  from  the  lack  of 
comparative  data  for  intense  stress.  A  certain  advantage  of  this  study 
occurring  early  in  the  program,  however,  is  chat  the  current  data  can  be 
incorporated  into  the  growing  data  bank  to  provide  more  profile  data  on 
different  kinds  of  stress,  to  improve  and  extend  the  metric  for  use  in  future 
efforts . 

To  summarize,  the  current  effort  represents  an  initial  attempt  to 
evaluate  the  use  of  competititon  as  one  component  of  a  methodology  for 
generating  stress.  The  profile  of  physiological  and  psychological  responses 
obtained  in  this  effort  will  be  coshered  with  those  obtained  in  other 
protocols  of  the  basic  research  program.  Zt  is  predicted  that  the  profile  of 
responses  obtained  for  the  stress  of  competition  in  this  effort  will  be 
characteristic  of  a  moderate  to  high  stress  profile. 


METHOD 

Subjects 

Subjects  were  described  in  Chapter  1. 

Procedures 

General  procedures  were  described  in  Chapter  1. 

Ten  blood  samples  were  obtained  by  an  indwelling  catheter  from  each  of 
the  60  subjects.  Samples  8  through  10  were  missed  for  one  subject  when  his 
vein  collapsed/  and  difficulty  was  experienced  in  establishing  a  new 
catheterization.  Once  the  catheters  were  established  and  secured  in  a 
comfortable  position  in  the  rifle-support  arm  for  each  subject/  there  were  few 
problems/  and  none  of  the  subjects  reported  any  interference  with  firing. 
Samples  1  through  4  were  obtained  on  the  second  day  of  familiarization  firing 
(baseline  day)  before  firing.  The  times  of  collection  were  set  to  correspond 
to  the  first  four  times  of  collection  on  the  subsequent  record-fire  day  (Day 
3) ;  consequently/  a  control  interval  of  approximately  15  minutes  was  allowed 
between  sxibjects  to  correspond  to  the  anticipated  record  fire  interval  for 
each  subject  (based  on  pilot  tests) .  Blood  samples  were  then  staggered 
relative  to  each  subject's  15-minute  anticipated  firing  interval/  so  that  on 
baseline  day,  samples  were  obtained  90  minutes  (Sample  1),  60  minutes  (Sasq^le 
2),  and  15  minutes  (Sanqile  3)  before  and  15  minutes  (Sample  4)  after  that 
control  interval.  On  record-fire  day/  samples  were  obtained  90  minutes 
(Sample  5)/  60  oiinutes  (Sample  6)/  and  15  minutes  (Saddle  7)  before  the 
anticipated  interval  and  15  minutes  (Sample  0) ,  60  minutes  (Saii9>le  9)  /  and  120 
minutes  (Sao^le  10)  after  completion  of  record  firing.  The  difference  in  the 
number  of  samples  obtained  on  baseline  versus  record-fire  day  was  attributable 
to  a  limitation  of  10  8aiiq>les  (200  milliliters  (ml])  of  blood  per  subject.  It 
was  deemed  more  important  to  obtain  good  post-firing  recovery  data  for  record- 
fire  day  than  to  have  all  8aiiq>ling  times  matched  during  the  2  days.  A 
generalized  time  chart  for  procedures  used  in  the  protocols  referred  to  in 
this  chapter  is  provided  in  Chapter  4 . 

Three  blood-sampling  stations  and  a  blood-preparation  laboratory  were 
set  up  in  a  mobile  laboratory  about  20  feet  imiMdiately  behind  the  firing 
line.  A  waiting  area  was  located  in  a  large  tent  about  another  20  feet  )»ehind 
the  laboratory.  Each  subject  was  assigned  a  particular  station  to  visit  for 
all  blood  procedures.  Each  station  was  operated  by  a  qualified  and 
experienced  phlebotomist  under  the  supervision  of  a  registered  nurse. 
Insertion  of  the  catheters  with  heparin  locJis  was  begun  at  0700  hours  on 
baseline  and  record-fire  days;  blood  drawing  began  at  0730.  Because  times 
were  staggered  to  allow  15-minute  intervals  for  firing/  blood  drawing 
necessarily  extended  for  some  subjects  into  the  early  afternoon  on  baseline 
day  and  into  the  middle  afternoon  on  record-fire  day.  Control  for  time  of  day 
was  maintained  by  ta)(ing  samples  at  the  same  times  on  both  days  for  each 
subject.  ThuS/  each  subject  served  as  his  own  control.  8ince  the 
experimental  and  control  conditions  were  always  conducted  with  20  subjects 
following  the  identical  time  schedules/  time  of  day  was  also  controlled  for 
across  groups. 

Upon  arrival  at  the  test  site  before  0700,  the  subjects  reported  to  the 
waiting  area  tent.  Beginning  at  0700,  the  subjects  were  sent  in  order  to 
their  appropriate  blood-drawing  stations  for  insertion  of  the  catheters.  They 
then  reported  bae)c  to  the  waiting  area  where  they  remained,  except  when  sent 
bac)c  to  the  laboratory  for  blood  draws,  on  baseline  day.  Familiarization 
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firing  on  that  day  did  not  begin  until  all  blood  draws  were  completed.  On 
record-fire  day,  the  routine  was  much  the  same.  When  the  first  subject  was  to 
perform  record  firing,  the  subjects  were  told  they  could  spend  their  waiting 
tiaie  either  in  the  stands  behind  the  firing  line  watching  those  firing  or  in 
the  waiting  area  tent.  Subjects  in  the  Competition  Group  trere  encouraged  to 
spend  their  waiting  time  in  the  stands  watching  their  teammates.  Catheters 
were  removed  immediately  after  Sample  4  on  baseline  day  and  after  Sample  10  on 
record'fire  day.  Drinking  water  was  available  at  all  times  in  the  waiting 
area,  in  the  laboratory,  and  at  the  observation  stands.  Subjects  were 
encouraged  to  drink  plenty  of  water  to  keep  from  becoming  dehydrated  and  to 
facilitate  the  blood  drawing.  They  were  also  instructed  to  avoid  consuming 
alcohol  or  caffeine  on  either  day  before  or  during  blood  drawing  and  to  eat 
and  drink  nothing  except  water  after  breakfast  (at  about  0600) .  They  were 
allowed  to  eat  after  the  catheters  were  removed. 

Figure  12  shows  one  of  the  subjects  having  a  blood  saople  drawn.  At 
each  sampling  time,  20  ml  of  blood  were  obtained.  Half  of  each  sample  (10  ml) 
was  immediately  put  into  a  12-inl  chilled  glass  centrifuge  tube  containing  0.16 
ml  of  a  neutral  solution  containing  20  mg  of  (Bthylenebls (oxyethylenenitrilo) ] 
tetraacetic  acid  (EGTA)  and  12  tag  of  glutathione  for  subsequent  assay  for 
hormones  (cortisol,  prolactin,  testosterone,  growth  hormone,  luteinizing 
hormone)  and  catecholamines  (epinephrine,  norepinephrine) .  The  remaining  half 
of  each  sample  (10  ml)  was  put  into  a  12-ml  chilled  plastic  centrifuge  tube 
containing  0.16  ml  of  a  neutral  solution  containing  20  mg  of  EGTA  and  0.1  mg 
of  aprotinin  (obtained  from  the  Sigma  Chemical  Company,  St.  Louis,  Missouri) 
for  subsequent  assay  for  opioid  peptides  (Met*enkephalin,  beta-endorphin) . 
Samples  were  kept  on  ice  until  transferred  to  the  laboratory  for  further 
preparation  which  took  place  within  IS  minutes.  Upon  transfer  to  the 
laboratory,  sanples  were  placed  in  a  refrigerated  centrifuge  to  obtain  the 
plasma.  Two  and  one-half-ml  aliquots  of  plasma  were  added  to  vials  pre¬ 
labeled  with  identification  numbers  and  codes  for  the  various  assays  to  be 
performed.  Those  vials  designated  for  the  Met -enkephalin  assays  contained  100 
fll  of  glycine  buffer  (1.6  grams  of  glycine  per  100  ml  of  1  N  (normal  solution] 
hydrochloric  acid  [HCl] ) .  The  sealed  vials  of  plasma  were  immediately  frozen 
and  held  on  dry  ice.  They  were  packed  and  shipped  on  dry  ice  at  the  end  of 
each  week's  testing  to  Northwestern  University  for  assay.  Details  about  the 
procedures  used  in  assaying  the  samples  are  presented  in  ^pendix  D. 


Data  Reduction 

Data  reduction  was  accomplished  using  Versions  3  and  4  of  the  statistics 
software  package  8YSTAT  (The  System  for  Statistics,  Wilkinson  [1987],  [1988]). 
The  following  data-anslysis  modules  were  used  as  appropriate:  STATS 
(univariate  statistics),  MGLH  (Multivariate  General  Linear  Hypothesis, 
multivariate  statistics),  CORK  (correlation  procedures),  and  CLUSTER  (cluster 
analysis) . 


RESULTS 

At  the  time  this  report  was  prepared,  assay  results  and  data  analyses 
were  complete  for  the  hormones  cortisol,  luteinizing  hormone  (LH) ,  prolactin 
(PRL) ,  growth  hormone  (GH) ,  and  testosterone  (T)  .  Assay  results  foe  the 
catecholamines  and  opioid  peptides  were  not  complete  and  will  be  presented  in 
later  reports . 
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Figure  12.  Soldier  having  blood  aample  drawn  through  indwelling  catheter. 
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Competition  and  Hormone  Responses 
Data  Reduction 

Because  different  numbers  of  blood  san^les  were  obtained  on 
baseline  and  record-fire  days,  the  appropriate  approach  to  analysing  the 
hormone  data  was  congilicated.  In  studies  when  the  time  points  for  2  days  are 
matched,  one  commonly  used  method  of  analysis  involves  considering  each 
subject  as  his  own  control;  the  data  are  then  analyzed  for  changes  in  hormone 
response  from  one  day  to  the  next,  in  the  present  study,  change  values  were 
con9>uted  for  each  hormone  by  subtracting  baseline  day  values  txoa  record-fire 
day  values  for  each  of  the  four  common  tiote  points.  While  analysis  of  the 
hormone  change  values  for  the  treatment  groups  in  this  study  would  yield 
stronger  conclusions  about  treatment  effects  than  analysis  of  days'  data  would 
separately,  such  analysis  can  result  in  the  loss  of  potentially  ijq>ortant 
information.  The  stress  model  en^loyed  in  the  MEL  stress  program  predicts 
different  patterns  of  response  for  different  kinds  and  levels  of  stress  during 
extended  anticipatory  and  recovery  periods  surrounding  stress  events.  For 
instance,  the  modal  hypothesizes  (Hu^ens,  Torre,  Chatterton,  Wansack,  Fatkin, 
£  DeLeon-Jones,  1986)  that  the  duration  of  stress  response  relates  to  the 
intensity  of  stress  experienced.  Because  of  the  exploratory  nature  of  this 
study,  and  so  that  information  important  to  the  stress  program  could  be 
derived,  the  hormone  data  were  analyzed  by  days  separately  as  well  as  by 
change  values  from  baseline  to  record-fire  day. 

An  initial  multivariate  analysis  of  variance  (MANOVA)  was 
conducted  for  baseline  day  data.  The  design  was  Groups  (2)  x  Hormones  (S)  x 
Time  Points  (4)  .  Since  the  three-way  interaction  effect  was  highly 
significant  as  shown  by  the  multivariate  test  statistics  (Wilks'  X  *  .574, 
F«2.901;  dfBl2,47;  p«.004),  subsequent  MANOVAs  were  conducted  for  each  hormone 
using  Groups  (2)  x  Time  Points  (4)  designs. 

Similarly,  an  initial  MANOVA  was  conducted  for  record-fire  day 
data.  The  design  was  the  same  as  for  baseline  day  except  that  there  were  six 
time  points.  The  multivariate  test  statistics  for  the  three-way  interaction 
(Wilks'  X  -  .511,  F-1.815;  df«'20,38)  yielded  a  p*.05€,  which,  because  of  the 
exploratory  nature  of  this  research  and  the  conservative  nature  of  MANOVA,  was 
considered  sufficient  to  justify  conducting  subsequent  HANOVAs  for  each 
hormone  as  was  done  for  the  baseline  day  data. 

A  MANOVA  was  also  conducted  in  the  same  manner  for  the  hormone 
change  values  computed  as  described  above.  The  design  was  the  same  as  for  the 
two  days  separately  with  the  number  of  time  points  limited  to  the  four  common 
to  the  two  days.  Again,  the  multivariate  test  statistics  for  the  three-way 
interaction  (Wilks'  X  «•  .664,  F*1.939;  df'*12,46)  yielded  a  p-.054,  which  was 
considered  sufficient  to  justify  conducting  subsequent  MANOVAs  for  each 
hormone . 


The  results  of  the  subsequent  MANOVAs  are  described  below  by 
hormone.  Post  hoc  tests  were  done  using  the  Tukey-Kramer  modification  of  the 
Tukey  Honestly  Significant  Difference  (HSD)  test,  which  was  available  in  the 
SYSTAT  STATS  module,  and  which  was  appropriate  in  coitg>arisons  with  unequal 
numbers  of  observations  (Wilkinson,  1988,  p.  709) . 

Figures  13  through  27  present  the  mean  responses  (-t-SEM  (standard 
error  of  the  mean] )  for  the  five  hormones  at  the  10  san^ling  time  points  and 
the  mean  change  values  (±SEM)  over  four  time  points  for  the  subjects  during 
competitive  conditions  and  for  the  control  subjects. 
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Occasional  discrapancias  in  dagtaas  of  fraadon  raportad  ara 
attributabla  to  missing  data  points  for  ona  subjact  which  was  tha  rasult  of 
failuza  to  obtain  blood  samplas  for  that  stibjact  whan  his  vain  collapsad  aftar 
firing  on  racord~fire  day. 

Cortisol 

Figura  13  presants  rasults  for  basalina  day  and  Figuza  14  for 
zacord-fira  day.  For  basalina  day,  tha  MANOVA  yialdad  no  significant 
diffazancas  bacausa  of  group  traatnant  affacts.  For  racord-fira  day,  tha 
Groups  X  Tima  Point  intaraction  was  significant  (Milks'  X  •>  .804;  F>2.58; 
df-5,S3;  p-0.037;  univaziata  F-3.85;  df*S,28S;  p-.003) .  Post  hoc  tasts  for 
this  Intaraction  affact  wara  conductad  using  tha  stodifiad  Tukay  HSD  tast  which 
yialdad  a  critical  valua  (CV  18.99  for  a*0.01  and  CV  ^^-14.45  for 

O>0.0S  for  group  comparisons  across  tima  points.  For  tasting  within-group 
diffazancas  across  tima  points,  CV  ()^«20.12  for  o>0.01  and  CV  q2>17.04  for 
alpha*0.0S  for  the  Competition  Group;  and  CV  q]^*28.45  for  a«0.01  and 
CV  Qg-24.10  for  a«0.0S  for  tha  Control  Group.  Tha  intaraction  affact  is  bast 
described  with  raferance  to  within-group  diffazancas  over  tima.  Whila  tha 
Control  Group  cortisol  response  level  showed  no  significant  diffazancas 
between  any  two  tima  points,  tha  cortisol  level  for  tha  Competition  Group  15 
minutes  aftar  firing  for  record  was  significantly  elevated  over  the  levels  at 
all  other  tima  points  (p<.01). 

Tha  change  data  (sea  Figura  15)  show  a  rather  straightforward 
picture  for  tha  relative  cortisol  response  changes  over  tha  four  time  points 
coffoon  to  basalina  and  racord-fira  days.  Before  tha  fire-control  interval, 
tha  groups  did  not  differ  significantly  in  thair  changes  in  cortisol  level 
from  basalina  to  racord-fira  days  (CV  Q5-I8.78;  p>.05)  .  At  +15  minutes  aftar 

tha  interval,  however,  tha  Congjatition  Group  showad  a  significantly  graatar 
increase  (CV  qj^-22.06;  p<.01)  than  did  tha  Control  Group. 

lutainixing  Hormone  (1<H) 

Figura  18  presants  data  for  tha  basalina  day,  Figura  17  for  tha 
racord-fira  day,  and  Figura  18  for  tha  change  from  basalina  to  racord-fira 
day.  For  basalina  day,  tha  MANOVA  showad  a  significant  groups  main  affact 
with  tha  Competition  Group  having  higher  overall  level  of  LH  (F*5.72;  df-1,58; 
p*.02).  Tha  same  significant  effect  was  obtained  for  the  record-fire  day 
whara  tha  Competition  Group  had  higher  LM  over  tha  six  tima  points  (F«8.08; 
df-1,57;  p<.02)  .  No  significant  groups  by  tima  point  interactions  wara 
obtained  for  either  day.  Tha  MANOVA  on  LH  change  values  yialdad  no 
significant  effects  involving  groups. 

Prolactin  (PRL) 

Figura  19  presents  data  for  tha  basalina  day  and  Figura  20  for  tha 
racord-fira  day.  A  MANOVA  on  tha  basalina  day  yialdad  a  significant  Groups  x 
Tima  Point  intaraction  affact  (Milks'  X  -  .717;  r-7.38;  df-3,S8;  p<.001; 
univariate  r-3.80/  df*3,174;  p-.Ol).  This  affact  can  ba  interpreted  with 
regard  either  to  group  diffazancas  at  different  tima  points  or  to  different 
group  changes  in  response  between  tima  points.  Tha  Competition  Group  showad  a 
higher  PRL  level  than  tha  Control  Group  at  -60  minutes  (CV  qj^-0.80;  p<.01)  and 

at  +15  minutes  (CV  gj*0.61;  p<.05);  both  groups  showad  significant  decreases 
in  PRL  early  in  tha  day;  tha  Control  Group  PRL  level  dropped  between  -90  and  - 
60  minutes  (CV  gj-0.92;  CV  gj^-1.10;  p<.01),  and  tha  Competition  Group  PRL 
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M  CORTISOL 
(ngAnI) 


riffuc*  13.  M«an  cortlaol  lavals  foe  Conpotition  and  Control  Croups  at  four 
aamplinc  tlMa  on  baaallna  day. 


MEAN  CORTISOL 
(ng/lfnl) 


Figure  14.  Mean  cortisol  levels  for  Competition  and  Control  Groups  at  six 
san^ling  times  on  record-fire  day  (*N»39  post  firing  because  of 
catheter  failure  in  one  subject) . 
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Figure  15.  Mean  change  in  levels  of  cortisol  for  Competition  and  Control  Groups  for  the  four 
sampling  times  common  to  baseline  and  record-fire  days  (Change-record-fire  level  ■ 
baseline  level.  *N-39  post  firing  because  of  catheter  failure  in  one  subject.) 


COMPETmON  GROUP 
“"(N-40) 

I  I  CONTROL  GROUP 
'(N-20) 


Figure  16.  Mean  luteinizing  hormone  levels  for  Competition  and  Control  Groups 
at  four  sampling  times  on  baseline  day. 
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COMPETmON  GROUP 
(N«40‘) 

I  I  CONTROL  GROUP 
' — '  (N-20) 


Figure  17.  Mean  luteinizing  hormone  levela  for  Competition  and  Control  Groups 
at  six  sampling  times  on  record-fire  day  {*N->39  post  firing 
because  of  catheter  failure  in  one  subject) . 
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Figur*  18.  Mean  change  in  levela  of  luteinizing  hormone  for  Competition  and  Control  Groups  for 
four  sampling  times  conason  to  baseline  and  record-fire  days  (Change  ■  record-fire  li 
-  baseline  level.  *N-39  post  firing  because  of  catheter  failure  in  one  subject.) 


MEAN  PROLACTIN 
(ng/ml) 


Figure  19.  Mean  prolactin  levela  for  Competition  and  Control  Groupa  at  four 
saiq>ling  timea  on  I^.Baline  day. 
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TIME  PERIOD  INTERVAL 


figure  20.  Mean  prolactin  levels  for  Competition  and  Control  Groups  at  six 
sampling  times  on  record-fire  day  (*N>39  post  firing  because  of 
catheter  failure  in  one  subject) . 


level  dropped  significently  <CV  Q5-O.65;  CV  qj^-0.78;  p<.05)  between  -60  end  - 
15  minutee.  The  MANOVA  on  the  recocd-flre  dey  aleo  yielded  a  '  significant 
Groups  X  Tine  Point  interaction  effect  (Wilks'  X  -  .716;  F«4.20;  df-S,S3; 
P-.003;  univariate  F-7.13;  df>S,28S;  p<.001).  The  groups  differed 

significantly  at  -90  minutes  (CV  q2*.87;  p<.01),  at  -f60  minutes  (CV  qj«.66; 

p<.05),  and  at  +120  minutes  (p<.01).  The  Control  Group  showed  a  significant 
drop  in  PRL  from  -90  to  -60  sdnutes  (CV  qj-I.IO;  CV  q]^"1.30;  p<.05)  .  The 
Competition  Group  showed  a  significant  rise  in  PRL  from  -15  to  +15  minutes 
(CV  q3*.78;  CV  qj^-.92;  p<.05)  after  firing  and  a  subsequent  drop  to  pre-firing 
levels  by  +60  minutes  <p<.01)  . 

A  MANOVA  on  change  data  for  PRL  from  baseline  to  record-fire  day 
(see  Figure  21)  yielded  no  significant  group  treatment  effects. 

Grotrth  Hormone  <GH) 

Baseline  day  data  are  presented  in  Figure  22  and  record-fire  day 
data  in  Figure  23.  For  baseline  day,  the  MANOVA  showed  a  significant  groups 
main  effect  with  the  Competition  Group  displaying  a  significantly  lower  level 
of  GH  over  tiaie  (F«5.70;  df«>l,58;  p-.02).  The  MANOVA  on  record-fire  day 
yielded  a  significant  Groups  x  Time  Point  interaction  effect  (Wilks'  X  «  .814; 
F*2.42;  df«>5,53;  p<.05;  univariate  F-3.18;  df«5/28S;  p<.01)  .  The  Coiq}etition 
Group  mean  GH  was  lower  (Of  .61 s  p>.05)  than  the  Control  Group  mean  at  the 

three  pre-firing  time  points,  significantly  higher  at  +15  minutes  after  firing 
(CV  oi"3.Sl;  p<.01),  and  lower  (p>.05)  again  by  +120  minutes.  Between  -15 
minutes  and  +15  minutes,  the  Conpetition  Group  showed  a  highly  significant 
increase  in  GH  level  (CV^Qg-3.15;  CV  q^«3.72;  pK.Ol),  while  the  Control  Group 

showed  a  decrease  in  GH  (CV  q5*4.46;  p>.05).  After  firing,  the  Competition 
Group  showed  a  highly  significant  decrease  back  to  pre-firing  levels  between 
+15  and  +120  minutes  (p<.01),  while  the  Control  Group  stayed  within  pre-firing 
levels. 

A  MANOVA  on  GH  changes  from  baseline  to  record-fire  day  (see 
Figure  24)  yielded  a  marginally  significant  Groups  x  Time  Point  interaction 
effect  (Wilks'  X  •  .891;  F*2.23;  df*3,17l;  p«.095/  univariate  F»3.32; 
df-'3,l7l/  P-.021).  The  groups  differed  only  at  +15  minutes  (CV  gg>3.29; 
CV. 01-4. 33;  ps.Ol) . 

Testosterone  (T) 

The  groups  did  not  differ  significantly  in  T  levels  at  any  of  the 
time  points,  nor  did  their  patterns  of  response  differ  significantly  over 
those  time  points.  The  data  for  baseline  and  record-fire  days  are  shown  in 
Figures  25  and  26. 

The  mean  group  changes  in  T  are  shown  in  Figure  27.  The  MANOVA  of 
the  T  change  data  yielded  a  significant  groups  main  effect  (F*S.54;  df"l,57; 
pa. 02)  reflecting  the  overall  decrease  in  T  for  the  Competition  Group  from 
baseline  to  record-fire  day  compared  with  Controls. 
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Pigur*  21.  H>m  ^kang*  lo  of  prolactin  for  Coapatltlon  and  Control  Groups  for  ths  four 

saa^llng  tiass  rn—nn  to  basollno  and  rscord-flrs  days  (Chango  >  rocord-flrs  levol 
basollno  lovol.  *M»39  post  firing  bocauso  of  cathotsr  fallurs  In  on*  subjsct.) 


HORMONE 


^  COMPETITION  GROUP 
(N-40) 


CONTROL  GROUP 
(N-20) 
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rigur*  22. 


Haan  growth  homtono  lovols  tor  CoB^tition  and  Control  Groupa  at 
four  aaiqpling  tinaa  on  baaalina  day. 


HORMONE 


coMPETmoNQRiwr 

<N-40*) 

□  CONTROL  QRG- 
(N-20) 


Flfur*  23.  M«an  growth  hormon*  lovola  for  Conpotitlon  and  Control  Groupa  at 
six  sampling  tiaas  on  raeord-fira  day  (*N>39  post  firing  bacausa 
of  cathatar  failura  in  ona  subjact) . 
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Figure  24.  Keen  change  in  levels  of  growth  horaohe  for  Competition  and  Control  Groups 
for  the  four  sanpling  times  coaaon  to  baseline  and  record-fire  days  (Change 
-  record-fire  level  -  baseline  level.  *N-39  post  firing  because  of  catheter 
failure  in  one  subject.) 
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Figure  25.  Mean  teetoaterone  levels  for  Competition  and  Control  Groups 
four  sampling  times  on  baseline  day. 
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Figur*  2€.  Man  taatoataron*  lavala  for  Cotnpotltion  and  Control  Oroupa  at  aix 
aaanpling  tiatae  on  racord'-fira  day  {*ll*39  poat  firing  bacausa  of 
eathatar  failura  in  ona  subjaot) . 
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Fi^ur*  27.  M»*n  ehang*  In  l«v*la  of  toatoatorono  for  Cooipotltlon  and  Control  Croupa  for  tho 
four  saoplln^  tlnws  cowon  to  baaellno  and  racord-flro  daya  (ChaoQo  racord-flra 
lavol  -  baaalino  laval.  *N-39  peat  firing  bocauao  of  cathator  failure  In  one  aubject 


Conparativ*  Stress  values  for  Homone  Responses 


In  Figures  28  through  32,  the  SS  study  mean  hormone  values  (+SEM)  for 
the  Competition  and  Control  Groups,  at  -t-lS  minutes  on  record-fire  day  are 
compared  with  values  obtained  by  Northwestern  University  at  the  same  time 
point  for  (a)  subjects  during  independent  control  conditions,  (b)  medical 
stud«ints  taking  an  important  written  exaioination,  and  (c)  men  whose  wives  were 
undergoing  abdominal  surgery  (under  general  anesthesia) .  The  'flS-minute  time 
point  was  chosen  for  comparison  because  it  yielded  peak  responses  for  most  of 
the  hormones  investigated,  and  it  closely  coincided  with  the  time  post-stress 
psychological  measures  were  obtained.  A  MANOVA  was  conducted  for  a  groups  (5) 
by  hormone  (S)  design-  The  overall  multivariate  test  was  highly  significant 
(Wilks'  X  -  .520;  F-4.21;  df-20,3eS;  p<.001) .  The  results  of  univariate  tests 
of  the  groups  factor  for  each  hormone  are  presented  below. 

Cortisol  (see  Figure  28) 

The  group  variable  univariate  test  for  the  cortisol  measure 
(F-2.25;  d£-4,119;  p-.07)  was  only  marginally  significant.  As  sho%m  in  Figure 
28,  the  SS  Conpetition  Group  showed  the  highest  post-stress  cortisol  of  any 
group  included  in  the  research.  However,  because  of  the  relatively  small 
numbers  in  many  of  the  groups  and  the  conservative  nature  of  the  statistical 
tests  chosen,  none  of  the  group  differences  achieved  statistical  significance 
(CV  05-29.04). 

LH  (see  Figure  29) 

The  group  variable  univariate  test  for  the  LH  measure  (F-5.78/ 
df-4,ll9;  p<.001)  was  highly  significant.  Post  hoc  tests  (CV  o5"2.95/ 
CV  oj^-3.55)  indicated  that  the  SS  Conpetition  Group  and  the  Written  Exam  Group 
displayed  highly  significant  elevated  LH  (p<.01)  and  the  Abdominal  Surgery 
Group  showed  significantly  elevated  LH  (p<.05)  as  compared  with  the 
Independent  Control  Group,  that  those  three  groups  did  not  differ 
significantly  from  each  other,  and  that  the  SS  Control  Group  did  not  differ 
significantly  from  any  other  group  in  LH  response. 

PRL  (see  Figure  30) 

The  group  variable  univariate  test  for  the  PRL  measure  (F-2.30; 
df-4,119;  P-.06)  was  only  marginally  significant.  Although-,  as  sho%m  in 
Figure  30,  both  SS  groups  displayed  lower  PRL  than  any  of  the  Northwestern 
(stress  or  control)  groups,  neither  SS  group  differed  significantly  from  any 
of  the  Northwestern  groups  (CV  Q5-I.93). 

T  (see  Figure  31) 

The  group  variable  univariate  test  for  the  T  measure  (F-4.23; 
df-4,119;  P-.003)  was  highly  significant.  Post  hoc  tests  (CV. 05-1-5. 
CV  qj^-1.8)  indicated  that  both  SS  groups  had  T  levels  significantly  higher 
than  that  for  the  Independent  Control  Group  (p<.01)  and  that  no  other  group 
differences  were  statistically  significant. 
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Figur*  28.  Coopariaon  of  lS-tainut«  poat-stroaa  cortisol  levsls  for  SS 

Coiqpotltion  and  Control  Groups  on  rscord-flra  day  with  those 
for  subjects  in  the  Northwestern  University  conditions  ([1]  spouse 
having  serious  abdominal  surgery;  [2]  taking  an  liif>ortant  medical 
school  written  exam;  or  [3]  independent  non-stress  control 
condition) . 
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Figure  29.  Comparison  of  15-minute  post-stress  luteinizing  hormone  levels  for 
SS  Coii9>etition  and  SS  Control  Groups  on  record-fire  day  with  those 
for  subjects  in  the  Northwestern  University  conditions  ([1]  spouse 
having  serious  abdominal  surgery;  [2]  vaXing  an  impcirtant  nodical 
school  written  exam;  or  (3)  Independent  non-stress  control 
condition) . 


MEAN  PROLACTIN 


Figure  30.  Cong^arison  of  IS-minute  post**8tres9  prolactin  levels  for  SS 

Competition  and  SS  Control  Groups  on  record'fire  day  with  those 
for  subjects  in  the  Northwestern  University  conditions  ( [1]  spouse 
having  serious  abdominal  surgery;  [2]  taking  an  important  medical 
school  written  exam;  or  (3]  independent  non-stress  control 
condition) . 


63 
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Figure  31.  Conqparison  of  15-minute  post-stress  testosterone  Irvels  for  SS 
Cos^tition  and  SS  Control  Groups  on  rccord-fire  day  with  those 
for  subjects  in  the  Northwestern  University  conditions  ([13  spouse 
having  serious  abdominal  surgery;  [2]  taking  an  important  medical 
schooj.  written  exam;  or  [33  independent  non-stress  control 
condition) . 
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MEANGROVynn 


Figure  32.  Coag>«riaon  of  IS-mlnute  poet-stress  growth  hormone  levels  for  SS 
Competition  end  SS  Control  Groups  on  record-fire  day  with  those 
for  siibjects  In  the  Northwestern  University  conditions  ([1]  spouse 
having  serious  abdominal  surgery;  [2]  talcing  an  Important  medical 
school  written  exam;  or  [3]  Independent  non-stress  control 
condition) . 


65 


OH  (se«  riguxo  32) 


Th«  group  variabl*  univariate  test  fox  the  OH  awasuxe  (r«7.92; 
df-4,119;  p<.001)  was  highly  significant.  Post  hoc  tests  (CV  qj>3.87, 

CVjiij^-4.65)  indicated  that  the  SS  Competition  Group  displayed  a  OH  response 
level  which  was  significantly  greater  than  that  for  any  of  the  Northwestern 
groups  <p<.01)  and  the  88  Control  Oroup  (p<.05) .  No  other  group  differences 
were  sig.iificant . 


Perfoxnance  and  Hormone  Responses 

Separate  Pearson's  correlation  matrices  were  computed  for  the 
Competition  and  Control  Groups.  Correlations  were  obtained  between  reoord- 
fire  day  performance  scores  (the  nundoer  of  targets  hit  in  the  seniautoeatic 
mode  [SM]  and  burst  mode  [BM]  and  the  total  number  of  targets  hit  in  both 
modes)  and  the  various  hormone  values  for  all  10  time  points  during  the 
baseline  and  record-fire  days.  The  significant  relationships  obtained  between 
performance  and  hormone  levels  during  the  2  days  are  summarized  in  Table  2. 
Correlations  between  the  performance  scores  and  the  changes  in  hormone 
response  levels  from  baseline  to  record-fire  day  were  also  confuted; 
significant  correlations  obtained  are  sunnarized  in  Table  3. 

A  total  of  3€0  correlations  was  computed,  and  20  were  significant  at  the 
p<.0S  level  of  confidence— only  two  more  than  expected  by  chance.  The 
correlations  that  achieved  statistical  significance,  however,  tended  to 
cluster  about  a  few  variables,  a  fact  that  gives  those  correlations  more 
weight  than  if  they  had  been  more  randosily  distributed.  The  following  limited 
description  of  those  clustered  correlations  was  therefore  deemed  appropriate. 

For  the  control  condition,  better  performance  in  the  semiautomatic  mode 
was  associated  with  lower  early  morning  PRL  levels  on  baseline  day  and  with 
larger  early  morning  increases  in  PRL  from  baseline  to  record-fire  day. 
Better  performance  for  this  group  was  also  associated  with  increased  T  from 
baseline  to  record-fire  day.  This  was  most  pronounced  for  performance  in  the 
burst  mode  >15  minutes  after  firing. 

For  the  competition  condition,  performance  appears  to  have  been  most 
closely  associated  with  levels  of  T.  Semiautomatic  mode  performance  was 
associated  with  decreased  T  from  baseline  to  record-fire  •  day.  Better 
performance  in  the  burst  mode,  however,  was  associated  with  lower  T  during 
both  days,  except  near  the  time  of  firing  on  record-fire  day.  At  >15  minutes 
on  record-fire  day,  better  performance  was  associated  with  an  increase  in  T 
from  baseline  levels.  This  latter  association  is  the  only  one  that  held  for 
both  the  Competition  and  Control  Groups. 


D18CU8SZON  AND  CONCLUSIONS 

Within  the  context  of  this  investigation,  hormone  data  were  collected  to 
assist  in  determining  whether  the  firing  competition  was  stressful  to  the 
competing  soldiers,  and  if  so,  to  provide  a  means  of  determining  the  extent  of 
the  coiig>etition  stress. 

Each  of  the  hormone  measures  chosen  has  been  shown  by  other 
investigators  to  be  responsive  to  at  least  some  )cinds  of  stress.  The  results, 
described  above  and  discussed  below  by  hormone,  generally  indicated  greater 
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Table  2 


Significant  Correlations  Between  Hormone  l«evels  and 
Record-Fire  Performance  Scores 


Blood 

Group 

Day 

sampling 

time 

Control 

(N-20) 

(df-18) 

(N-40) 

Coo^tition  (df-38) 

Baseline 

-90  minutes 

PRL/SM 
j:-- .48* 

PRL/TOT 
XT-. 52* 

-60  minutes 

PRL/SM 

i«-.S3* 

PRL/TOT 
X— .52* 

T/BM 

X— .39* 

-IS  minutes 

T/BM 

X*”.34* 

-flS  minutes 

T/BM 

x—.a?* 

Record  Fire 

-90  minutes 

T/BM  T/TOT 

X"“.34*  X"“'.31* 

-60  minutes 

-15  minutes 

4-15  minutes 

■f60  minutes 

T/BM 

X— .32* 

-*■120  minutes 

• 

*  p<.0S 

SM  -  Targets  hit  in  semiautomatic  mode 
PRL  -  Prolactin 
BM  -  Targets  hit  in  burst  mode 
T  -  Testosterone 
TOT  -  Total  targets  hit 


Table  3 


Significant  Correlations  Between  Performance  Scores  and  Change 
in  Hormone  Levels  from  Baseline  to  Record^Fire  Day 


Blood 

sampling 

time 

Group 

(N-20) 

Control  (df-18) 

(N-40) 

Cosytetition  (df-38) 

LH/8M 

PRL/SM 

GH/SM 

T/SM 

-90  minutes 

X-+.55* 

X*+.45* 

X*+.46* 

X— .38* 

T/TOT 

PRL/SM 

-60  minutes 

X-+.47* 

X"+.52* 

-IS  minutsa 

T/BM 

T/TOT 

T/BM  GH/BM 

■flS  minutes 

x^+.ss* 

X-+.45* 

X-+.39*  X— .36* 

•  p<0.05 

SM  -  Targets  hit  in  semiautomatic  mode 
PRL  *  Prolactin 
BH  -  Targets  hit  in  burst  mode 
T  -  Testosterone 
TOT  *■  Total  targets  hit 
6H  <•  Growch  hormone 
LH  Luteinizing  hormone 


hormonal  stress  responses  to  the  test  condition  for  soldiers  experiencing 
competition  than  for  soldiers  who  experienced  control  conditions. 


Cortisol 

Since  Selye  (1936)  first  introduced  the  stress  concept,  the  hypothalamo- 
pituitary-sdrenal  axis  has  been  implicated  in  the  stress  response,  and 
hormonal  measures  indicating  activation  of  the  axis  have  served  as  primary 
stress  indices.  In  man,  the  adrenocortical  hormone  of  choice  has  been 
cortisol,  and  generally,  elevations  in  serum  cortisol  have  been  considered  to 
indicate  stress  responses  (Baseer  t  Rab,  1975;  Chemow,  Alexander,  Smallridge, 
Thon^son,  Cook,  Beardsley,  rin)(,  Lalce,  6  Fletcher,  1987;  Levine,  1978/  Rubin, 
Miller,  Arthur,  «  Clar)c,  1970)  . 

That  the  competition  was  stressful  is  illustrated  by  the  highly 
significaric  elevation  in  cortisol  for  the  Competition  Group  15  siinutes  after 
record  firing.  The  Control  Group  (noncompetition)  showed  a  similar  but  non¬ 
significant  elevation  in  cortisol  in  reaction  to  firing.  When  group  cortisol 
data  were  considered  with  regard  to  change  from  baseline  to  record-fire  day, 
the  only  significant  change  was  a  highly  significant  increase  at  -tis  minutes 
for  the  Competition  Group. 
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In  the  absence  of  any  established  procedure  for  determining  the  level  of 
stress  experienced  in  any  given  situation,  the  HEL  SS  study  data  obtained  for 
hormonal  and  psychological  measures  were  compared  with  data  for  the  same 
measures  obtained  by  the  same  procedures  in  a  variety  of  protocols  conducted 
by  Northwestern  University.  Since  the  -f  15-minute  time  point  yielded  peak 
responses  for  most  of  the  hormones  investigated  in  the  SS  study,  that  time 
point  was  chosen  to  compare  stress  and  control  values  across  studies .  SS 
Competition  and  Control  Groups'  cortisol  values  for  record-fire  day  did  not 
differ  significantly  from  those  obtained  for  any  group  of  stressed  or  control 
subjects  by  Northwestern.  Thus,  the  -•■IS-minute  cortisol  measure  does  not 
appear  to  be  particularly  sensitive  to  the  different  ("stress”)  treatments 
compared. 


Luteinizing  Hormone  (LH) 

Relatively  little  has  been  published  about  the  effects  of  acute  stress 
on  LM  levels  in  humans.  Based  on  recent  animal  and  human  studies,  acute 
stressors  usually  elicit  transient  elevations  of  LH,  whereas  chronic  stressors 
result  in  below-baseline  '<tvel3  (Brisk!  i  Sylvester,  1967;  Hayashi  a  Moberg, 
1987;  Herbert,  Moore,  &  de  .-a  Riva,  1986;  Johansson,  Laasko,  Peder,  a  Karonen, 
1988;  Sowers,  Raj,  Hershman,  Carlson,  a  McCallum,  1977) . 

The  consistently  significantly  higher  LH  level  of  the  Competition  Group 
compared  t'.  Controls  during  all  10  time  points  is  not  easily  interpreted 
relative  to  the  available  literature.  No  baseline  was  established  at  a  time 
more  independent  of  or  distant  from  the  events  surrounding  conpetitlon.  It  is 
not  possible,  therefore,  to  determine  if  the  difference  represents  a  baseline 
difference  between  the  groups  because  of  some  selection  factor  or  some 
prolonged  effect  in  response  to  the  competition  experience  extending  from 
anticipation  on  or  before  baseline  day  through  recovery  on  record-fire  day. 
Comparison  of  the  -fiS-minute  time  point  results  with  those  obtained  by 
Northwestern,  however,  indicates  that  the  SS  Control  Group  did  not  differ 
significantly  from  the  Northwestern  Controls,  while  the  SS  Competition  Group 
had  an  LH  level  highly  significantly  above  that  for  the  Northwestern  Controls, 
like  the  levels  for  the  two  Northwestern  stress  groups. 


Prolactin  (PRL) 

The  preponderance  of  evidence  regarding  the  effect  of  acute  stressors  on 
prolactin  response  indicates  that  the  usual  effect  is  one  of  enhanced 
secretion  (Delahunt  t  Mellsop,  1967;  Mills  i  Chir,  1985;  Seggie  6  Brown, 
1982)  . 

On  record-fire  day,  the  Competition  Group  showed  a  clear  significant 
elevation  in  PRL  from  -15  minutes  to  +15  minutes  associated  with  firing  during 
competition  (PRL  dropped  significantly  to  basal  level  by  +60  minutes),  while 
the  Control  Group  showed  only  an  insignificant  elevation  during  the  same  time 
period. 

With  regard  to  the  early  morning  PRL  declines,  it  is  noteworthy  that 
Sassin,  Franty,  Wertzman,  i  Kapen  (1972)  reported  a  dramatic  association 
between  sleep  and  PRL  levels.  PRL  levels  were  found  to  rise  several  fold 
beginning  shortly  after  the  onset  of  sleep,  fluctuated  between  2.5  and  4.5 
times  basal  level  throughout  the  sleep  period  and  then  dropped  back  to  basal 
level  within  2.5  hours  after  awakening.  The  lack  of  any  decline  in  PRL  in  the 
morning  of  record-fire  day  for  the  Con^etition  Group  could  be  attributable  to 


spontaneoua  aarly  awakaning  by  manbara  of  thla  group  in  anticipation  of  tha 
coopatitlon. 

Nhila  tha  C«rt>atitlon  Group  ahowad  a  claar  PRL  raaponaa  to  firing  during 
conpatition  ralativa  to  its  own  baaalina  and  ralativa  to  Control  Group  lavala# 
coB^ariaon  of  ♦IS-minuta  PRL  lavala  for  tha  praaant  atudy  alth  Morthwaatam 
▼aluaa  did  not  raflaot  a  atraaa  raaponaa.  Tha  highaat  PRL  lavala  obtained  in 
tha  praaant  atudy  vara  no  higher  than  thoaa  for  tha  Northweatam  Zndapandant 
Control  Group  at  that  tiaa  point. 


Growth  Homona  (GM) 

Nhila  GH  ia  oftan  uaed  in  atraaa  atudiaa^  particularly  whan  phyaical 
atraaa  ia  involvad,  tha  litaratura  about  thia  homona  auggaata  that  changea  in 
blood  lavala  of  GH  ara  not  alicitad  ae  raliably  in  raaponaa  to  paychological 
atraaa  aa  ara  changaa  for  tha  othar  hortnonaa  conaidarad  in  thia  invaatigation. 
Aa  with  tha  othar  hotmonaa,  howavar,  tha  ganarally  obtainad  diraction  of 
raaponaa  to  acuta  paychological  atraaa  haa  bean  an  incraaae  (Brown  &  Haningar, 
1976;  Dalahunt  4  Mallaop,  1967;  Koatan,  Jacoba,  Maaon,  Nabby,  4  Atkina/  1984; 
Roaa  4  Hurat/  1975;  Waitzman  4  Grain/  1978) . 

In  tha  praaant  atudy/  tha  moat  ralavant  finding  waa  tha  aignificant 
incraaaa  in  GH  ahown  by  tha  Conpatition  Group  from  15  minutaa  bafora  to  15 
minutaa  aftar  firing  for  racord.  Tha  Control  Group  ramainad  qulta  atabla  ovar 
all  tima  pointa  for  baaalina  and  racord-fira  daya.  At  timaa  othar  than  15 
minutaa  and  60  minutaa  aftar  racord  firo/  tha  Competition  Group  diaplayad  GH 
lavala  which  wara  conaiatantly  lowar  than  thoaa  for  tha  Control  Group.  Since 
there  ia  no  raaaon  to  auapact  any  diffaranca  in  tha  phyaical  activity  of  tha 
two  groupa  in  thia  study/  tha  authors  can  offer  no  explanation  for  thia  group 
diffaranca. 

Comparison  of  tha  present  GH  results  with  those  obtainad  by  Northwaatam 
suggests  that  tha  Conpatition  Group  was  significantly  more  rasponaiva  than  any 
of  tha  othar  groups  that  did  not  differ  significantly  from  each  othar.  This 
overall  diffaranca  might  be  partially  attributed  to  diffarencaa  in  physical 
activity  associated  with  blood  collection  (Chattarton/  DaLaon- Jonas,  Hudgens, 
Dan,  4  Chaaaman,  1985) .  In  tha  present  study,  tha  subjects  had  to  walk  about 
30  yards  and  climb  a  short  flight  of  steps  between  their  waiting  area  and  the 
blood  collection  point,  whereas  tha  Northwestern  subjects  wara  relatively 
inactive.  Hartley,  Mason,  Hogan,  Jones,  Kotchan,  Moughay,  Wherry,  Pennington, 
4  Ricketts  (1972)  have  shown  that  physically  wall-trainad  (fit)  aubjacts,  aa 
these  subjects  ware,  exhibit  increasing  levels  of  GH  from  rest,  to  mild,  to 
moderate  levels  of  exercise.  As  noted  above,  however,  this  explanation  does 
not  account  for  tha  highly  significant  diffaranca  in  GH  for  tha  two  88  groups. 


Tastostarona  (T) 

While  some  investigators  have  recently  reported  that  T  is  unaffected  by 
tha  stress  of  a  major  examination  (Herbert  at  al.,  1986;  Johansson  at  al., 
1986),  Cumning  and  Rebar  (1985)  found  that  T  is  increased  by  anticipation  of 
acute  exercise.  Furtharmora,  Dalahunt  and  Mallsop  (1987)  reported  that  T  has 
bean  foiind  to  decrease  in  response  to  several  moderate  and  enduring  or  chronic 
stressors  such  as  major  surgery,  illness,  and  exercise.  Davidson,  8mith,  and 
Levina  (1978)  also  found  that  T  was  suppressed  shortly  aftar  an  initial  jump 
in  parachute  trainees.  However,  they  also  found  T  levels  to  be  enhanced  20 
minutes  aftar  several  subsequent  jumps.  They  noted  that  tha  T  response  to 
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•cute  psychological  stress  had  not  been  elucidated  for  huiaens.  This  still 
appears  to  be  the  case. 

Because  the  pxesent  investigation  involved  soldiers  (trained  fighters) 
firing  potentially  lethal  weapons  during  cong>etitive  conditions#  it  was 
anticipated  that  aggressive  tendencies  night  be  reflected  nore  in  this 
situation  than  in  other  stress  protocols  like  those  conducted  by  Northwestern . 
Furthermore#  other  investigators  have  reported  associations  between  T  and 
aggression.  Persky#  Smith#  and  Basu  (1971)  reported  a  significant  positive 
correlation  between  the  production  of  T  and  expressions  of  aggression  on  a 
hostility  inventory  by  healthy  young  non.  Two  groups  of  investigators 
(Chrenkrantz#  Bliss#  a  Sheard,  1974;  Kreutt  a  Rose#  1972)  have  reported 
significantly  higher  T  levels  in  prisoners  with  histories  of  chronic  violence 
as  coeipaced  with  prisoners  without  such  histories. 

The  T  levels  obtained  for  both  groups  in  the  present  investigation  were 
higher  than  in  any  protocol  conducted  by  Northwestern  to  date.  This  supported 
the  authors'  expectancy  for  the  soldier  subjects.  Support  also  was  provided 
for  the  hypothesis  that  T  levels  in  the  $S  Competition  subjects  were  related 
to  a  tendency  to  be  aggressive;  SS  Control  Group  hostility  scores  after  firing 
were  as  high  as  any  obtained  by  Northwestern  and  were  significantly  higher  for 
the  SS  Competition  Group.  Those  findings  are  presented  and  discussed  in  more 
detail  in  Chapter  4.  It  is  unlikely  that  the  high  T  levels  for  the  soldiers 
in  this  study#  relative  to  the  subjects  in  the  Northwestern  protocols#  can  be 
accounted  for  by  an  age  difference.  Venneulen,  Rubens#  and  Verdonck  (1972) 
reported  that  the  mean  range  of  plasma  testosterone  levels  remains  constant 
from  adolescence  to  age  SO#  drops  only  atoderately  during  the  sixth  decade#  and 
drops  progressively  more  rapidly  through  the  seventh#  eighth#  and  ninth 
decades.  Although  the  mean  age  of  the  soldiers  (21.9  years)  is  a  little 
younger  than  for  subjects  in  the  Northwestern  protocols#  the  mean  ages  for  all 
groups  cited  is  well  within  the  20*  to  SO-year  range  where  T  remains  stable. 

Superimposed  on  these  relatively  high  levels  of  T  in  the  Competition 
Group  was  a  significant  suppression  of  T  around  the  time  of  record  firing 
relative  to  baseline  day  values.  This  suppression  was  not  exhibited  by  the 
Control  Group. 

The  consistently  high  levels  of  T  obtained  for  the  subjects  in  this 
study  have  been  interpreted  as  reflecting  the  generally  high  leval  of 
aggression  in  these  subjects  relative  to  the  Northwestern  subjects.  These 
high  levels  could  be  interpreted  alternatively  as  reflecting  high  anxiety, 
presumably  anxiety  about  firing  for  record#  in  line  with  findings  reported  by 
Cuaming  and  Rebar  (1965) .  While  quite  possible#  this  interpretation  seems 
less  plausible  because  the  two  groups  responded  so  sindlarly.  It  is  the 
suppression  of  T  shown  by  the  Competition  Group#  and  not  the  Control  Group#  on 
record-fire  day  that  seems  more  likely  to  reflect  a  stress  response  like  that 
reported  by  Davidson  et  al.  (1978). 


Performance  and  Hormone  Responses 

In  addition  to  providing  information  about  the  presence  or  absence  of 
stress  and  the  degree  of  stress  experienced#  the  physiological  and 
psychological  data  obtained  in  this  study  provide  information  about  which 
measures  might  show  relationships  to  performance.  The  study  suggests  that 
PRL#  and  particularly  T,  might  relate  to  rifle-firing  performance.  During 
relatively  noncompetitive  conditions  (Control  Group) #  rifle-firing  performance 
for  the  semiautomatic  mode  was  significantly  related  to  early  morning  PRL 


l«v«ls  obtained  tha  day  bafora  raeord  firing.  Thla  aaaa  parfotnanca  was 
ralatad  to  tha  changa  in  aarly  morning  PRL  lavala  from  basalina  to  racord^fira 
day.  Battar  aaaiiautoButic  moda  parformanca  was  thus  ralatad  to  lowar  PRL 
lavals  on  basalina  day  and  by  graatar  incraasas  in  PRL  from  basalina  to 
racord-fira  day  for  soldiars  firing  during  conditions  normal  for  waapons 
qualification,  familiarization,  and  tasting.  Thair  burst  otoda  parformanca, 
howavar,  ralatad  bast  to  incraasad  T  from  basalina  to  racord**fira  day. 

Parformanca  during  tha  coapatitiva  conditions  of  this  study  (Compatition 
Group)  was  Biost  ralatad  to  lavals  of  T.  Battar  parformanca  within  tha 
Compatition  Group  in  tha  burst  moda  was  ralatad  to  ralativaly  lowar  lavals  of 
T  on  basalina  day  at  all  tins  points  and  on  racord-fira  day  at  timas  ramota  to 
tha  tima  of  firing.  Maar  tha  tiaw  of  firing,  burst  smda  parformanca  ralatad 
bast  to  incraasad  T  from  basalina  to  racord-fira  day.  Battar  parformanca  for 
this  group  in  tha  samlautomatic  moda  was  ralatad  to  a  ralativaly  graatar 
dacraasa  in  T  from  basalina  to  racord>fira  day  at  **90  minutas.  While  a 
ralatlonship  batwaan  T  and  firing  in  compatition  was  anticipatad,  no 
axplanation  is  apparant  for  tha  ralatlonship  balng  limitad  to  parformanca  in 
tha  burst  moda.  Also,  thara  is  no  raady  axplanation  for  why  PRL  was  ralatad 
to  parformanca  for  tha  Control  Group  and  not  tha  Coo^titlon  Group.  Further 
study  will  be  required  to  datarmina  tha  reliability  of  these  relationships 
batwaan  hormone  levels  and  performance. 


Competition  as  a  Stressor 

One  of  tha  priaiary  purposes  in  conducting  this  study  was  to  make  a 
preliminary  evaluation  of  coiq>atition  as  a  stressor.  If  tha  compatition 
ganaratad  in  this  study  proved  stressful,  it  would  indicate  that  competition 
might  be  an  important  component  in  developing  procedures  for  tasting  human** 
machine  systems  during  stressful  (and  therefore  more  realistic)  conditions. 

Tha  hormone  findings  within  this  study  provids  good  avidanca  that 
subjects  in  tha  competitive  condition  ware  more  stressed  than  subjects  in  tha 
control  condition.  On  racord-fira  day,  cortisol  was  significantly  alavatad  15 
minutas  after  firing,  relative  to  prafiring  levels,  for  tha  Coo^tltion  Group 
but  not  tha  Control  Group.  LH  was  alavatad  during  all  timo  points  for  tha 
Compatition  Group  relative  to  tha  Control  Group.  This  was  intarpratad  as 
possibly  reflecting  graatar  ganarallzad  anxiety  for  tha  group  expecting  to 
fire  for  record  during  competitive  conditions.  This  interpretation  is 
generally  in  line  with  the  findings  reported  in  Chapter  4  f6r  tha  anxiety 
measures.  Tha  Cospatition  Group  showed  significant  incraasas  in  PRL  and  GH  IS 
minutas  after  firing,  relative  to  prafiring  lavals,  while  tha  Control  Group 
did  not.  And  for  tha  T  measure,  tha  Conpatition  Group  exhibited  a  suppression 
of  T  for  racord-fira  day  relative  to  basalina  day,  and  tha  Control  Group  did 
not.  While  tha  literature  at  this  tima  is  not  always  clear  about  what  should 
be  expected  in  the  way  of  a  "stress  response"  for  a  given  hormonal  maasura  in 
all  situations,  it  is  clear  from  our  findings  that  tha  SS  groups  differed  in 
their  responses  within  the  study.  Furthermore,  the  differences  obtained  can 
be,  and  have  bean,  related  to  predominant  stress  response  patterns  reported  in 
tha  literature. 

Further  evidence  that  the  conpetltion  condition  in  the  88  8tudy  resulted 
in  increased  stress  response  beyond  that  of  the  control  condition  was  pi:ovidad 
by  tha  comparisons  of  hormone  lavals  15  minutas  after  firing  for  record  for 
both  groups  with  hormone  lavals  similarly  obtained  for  stress  and  control 
c  .iditlons  at  Northwestern  University.  While  no  statistically  significant 
group  differences  were  obtained,  the  cortisol  level  obtained  for  the  88 
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Competition  Group  waa  tho  highest  obtained  for  any  of  the  groups  compared. 
The  SS  Coa^tition  Group  LH  level  was  significantly  higher  than  the 
Northwestern  control  levels  as  were  the  levels  for  the  Northwestern  stress 
groups,  while  the  SS  Control  Group  level  did  not  differ  significantly  from 
Northwestern  control  level.  The  SS  Competition  Group  GH  was  significantly 
elevated  in  con^arison  to  all  other  groups.  While  this  latter  finding  for  GH 
suggests  that  competition  might  generate  a  high  stress  level,  the  findings  for 
the  other  hormones  suggests  a  more  moderate  stress  level,  in  the  range  of  that 
found  for  the  Written  Exam  Group. 

In  this  study,  as  in  virtually  all  studies  reported  in  the  literature, 
not  all  subjects  exposed  to  the  experimental  stress  condition  appear  to  have 
been  stressed.  Individuals'  thresholds  for  stress  vary.  Most  stressful 
situations  do  not  stress  everyone.  This  is  most  likely  to  be  the  case  for  low 
and  moderate  intensities  of  stress.  As  the  stress  intensity  is  increased, 
however,  the  threshold  for  stress  will  be  reached  for  a  greater  percentage  of 
individuals  (Levine,  Weinberg,  6  Ursin,  1978) . 

This  study  demonstrated  that  competition  can  be  used  during  conditions 
like  those  used  in  this  study  to  stress  groups  of  subjects.  It  is  not  clear, 
however,  whether  cong>etition  can  be  manipulated  within  current  human  use 
guidelines  to  achieve  even  higher  levels  of  stress.  And,  in  the  evaluation  of 
human-machine  weapon  systems  during  stress,  it  seesks  reasonable  that  the 
stress  used  should  be  of  high  intensity,  which  would  be  expected  in  combat 
situations.  It  is  during  such  high  intensity  stress  conditions  that  the 
human-machine  system's  performance  is  most  likely  to  be  adversely  affected. 

Since  no  good  alternative  presently  exists  as  a  means  of  stressing 
subjects  in  systems  evaluation,  and  since  competition  as  created  in  this  study 
has  now  been  sho%m  to  be  at  least  moderately  effective  in  this  regard,  it 
appears  that  some  effort  should  be  directed  toward  determining  what  steps  are 
necessary  to  make  coag>etition  a  more  effective  stressor.  The  Importance  of 
testing  systesis  during  stressful  conditions  may  require  testing  subjects 
during  other  than  adnimal  risk  conditions. 

Nhile  there  is  no  indication  that  hormone  or  other  physiological 
measures  will  be  necessary  elements  of  any  eventual  standing  operating 
procedure  (SOP)  involving  competitive  stress,  these  sieasures  have  been 
critical  to  the  evaluation  of  con^tition  as  a  stressor.  The  continued 
development  and  refinement  of  stress  metric  indices,  both  physiological  and 
psychological,  will  be  critical  to  the  achievement  of  a  reliable  method  for 
stressing  subjects  and  systems  to  a  level  that  models  combat  stress 
conditions . 
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CHAPTER  4 


PSYCHOLOGICAL  RESPONSES  TO  COMPETITIVE  MARKSMANSHIP 
(L.  T.  Fatkln,  G.  A.  Hudgena,  J.  P.  Torr«,  Jr., 

J.  M.  King,  R.  T.  Chat.;:«rton,  Jr.) 


INTRODUCTION 

Tha  avaluation  of  paychological  and  physiological  rasponsas  of  soldiars 
parfoming  conbat-ralavant  taslcs  during  strassful  conditions  is  a  critical 
stap  toward  accounting  for  tha  huoMn  factor  in  battla  outcomss.  Tha 
psychological  data  prasantad  hara  wara  obtainad  as  coa^onants  of  tha 
con^titlva  stress  evaluation  program  and  projected  Advanced  Combat  Rifle 
(ACR)  field  evaluation  discussed  in  previous  chapters. 

Projected  fundamental  contributions  of  this  program  include  the 
development  of  standard  procedures  for  soldier-equipment  performance  testing, 
as  well  as  a  determination  of  which  combination  of  psychological  and 
physiological  indices  would  provide  efficient  and  reliable  measureaients  of  the 
stress  experienced.  In  the  present  study,  these  indices  will  be  used  to 
determine  (a)  whether  the  soldiers  involved  in  competitive  mar)csmanship 
exhibited  typical  stress  responses;  (b)  the  level  and  intensity  of  their 
stress  experience;  and  (c)  how  the  level  of  stress  related  to  their 
marksmanship  performance. 

The  predoiainant  view  of  what  constitutes  the  experience  of  stress  is  a 
multifaceted,  dynamic,  and  interactive  process  with  psychological  and 
physiological  dimensions.  The  interactive  model  of  stress  used  within  the  HEL 
Stress  Research  Program  includes  the  following  dimensions: 


STRESS  INDIVIDUAL  UNIQUE  STRESS  RESPONSE 

VARIABLES  X  VARIABLES  •  PROFILE 


KIND  PERSONALITY  PHYSIOLOGICAL  VARIABLES 

INTENSITY  EXPERIENCE  PSYCHOLOGICAL  VARIABLES 

TIME  VARIABLE 


The  type  and  intensity  of  the  stressor,  as  well  as  a  variety  of 
Individual  variables  (e.g.,  personality,  perceptions,  experience,  or  outcome 
expectations)  are  examined.  These  variables  may  result  in  unique 
physiological  and  psychological  response  profiles  within  the  anticipation  and 
recovery  phases. 

Lazarus  (1966)  conceptualized  stress  within  the  general  context  of 
homeostasis;  a  state  of  stress  is  produced  when  stressors  (environmental  or 
social)  tax  or  exceed  an  individual’s  adaptive  resources.  The  stressful  state 
will  be  characterized  by  the  arousal  of  various  emotions  of  negative  affect 
(e.g.,  uncertainty,  frustration,  irritability,  tension,  feat,  or  sadness)  as 
well  as  a  variety  of  positive  affects  (e.g.,  excitement,  enthusiasm, 
curiosity,  or  adventure) .  Lazarus  emphasized  that  few  general  claims  can  be 
made  regarding  psychological  responses  to  stress  because  individual 
differences  permeate  every  step  of  the  process  of  stress  arousal  and 
reduction.  Hogan  and  Hogan  (1982)  observed  that  although  this  pervasiveness 
of  individual  differences  in  stress  reactions  has  been  noted  in  literature 
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r«vl0wa  during  th«  past  3  dacadasf  valid  and  raliabla  masuras  of  an 
Individual's  strsss  pronanass  or  vulnarability,  parcaptions  and  appraisals  of 
tha  strassors,  axpactations,  azpariancaS/  aioodSr  ond  coping  rasourcas  ara 
raraly  usad  within  tha  sana  study.  Tha  prasant  study  includad  oaasuras  of  tha 
abova  factors  to  tast  tha  strass  ganaratad  by  unit  conpatition.  This  chaptar 
avaluatas  tha  strassfulnass  of  tha  situation  by  using  tha  battary  of 
psychological  naasures  and  comparing  tha  lavals  of  strass^ralatad  rasponsas 
raportad  with  thosa  obtainad  in  othar  protocols  conductad  as  part  of  tha  fUSL 
strass  program. 


WHOr 
Sub jacts 

Subjacts  wara  dascribad  in  Chaptar  1. 

Damographic  Information 

A  ganaral  information  quastionnaira  was  administarad  to  all  subjacts  2 
days  bafora  tha  waapon  firing  was  schadulad.  Tha  quastionnaira  was  usad  to 
obtain  partinant  damographic  and  medical  information,  including  aga,  pay 
grada,  langth  of  sarvica,  aducation  laval,  physical  profile  status,  currant 
usa  of  prascription  and  non-prascription  drugs,  currant  waapons  qualifications 
(numbar  of  diffarant  weapons) ,  last  waapons  qualification  achieved 
(sharpshootar,  marksman,  expert),  total  rounds  fired,  and  spacialirad  training 
(sniper  school,  formal  small  arms  training,  ate.). 

Psychological  Measures  and  Procedures 

Psychological  measures  v<ara  obtainad  using  a  battary  of  standardized 
questionnaires  designed  to  assess  tha  subjects'  parcaptions  of  unit  cohesion 
and  morale,  amount  of  currant  life  strass,  personality  traits,  coping 
strategies,  and  parcaptions  of  stress.  Personality,  unit  cohesion,  and 
ganaral  life  strass  measures  wara  obtainad  2  days  before  the  competitive 
waapons  firing  was  schadulad,  for  both  tha  Competition  and  Control  Groups. 
Tha  strass  perception  and  coping  measuses  wara  coa^latad  by  tha  subjacts  10 
minutes  bafora  and  after  tha  firing  interval,  as  Indicated  in  Figure  33.  Tha 
measures  given  just  bafora  tha  firing  interval  assessed  how  tha  subjacts  ware 
feeling  "right  now,"  while  tha  post  maasuzas  instructed  them  to  rata  how  they 
fait  "during  tha  firing  event  or  control  interval."  Each  of  the  measures 
usad  was  designed  to  be  salf-administarad,  relatively  brief,  and  easily  given 
to  individuals  or  groups. 

Parcaptions  of  Unit  Cohesion  and  Morale 

Two  measures  of  unit  parcaptions  ware 

1.  Tha  Unit  Cohesion  and  Morale  Quastionnaira  (Marlow,  Furikawa, 
Griffith,  Ingraham,  Kirkland,  Martin,  Schneider,  &  Taltalbaum,  1985)  required 
each  individual  to  rata  his  perception  of  his  unit's  level  of  morale  and 
readiness  for  combat,  and  his  confidence  in  his  leaders  and  waapon  systems, 
using  a  five-point  scale. 

2.  Tha  Squad-Platoon  Parcaptions  Questionnaire  (Marlow  at  al., 
1965)  asked  each  individual  to  indicate  (on  a  5-point  scale)  tha  degree  to 
which  ho  agreed  or  disagreed  with  statements  concerning  squad  platoon  members 
and  his  leaders. 
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TIME  CHART  FOR  STRESS  PROTOCOLS 


Pigur*  33.  TIm  chart  for  stras*  protocols  Indicating  Insertion  of  cathstar  (IC| ,  tlsw  of  blo^ 
draws  (BDI-BDIO) ,  stress  perception  Measures  (SP) ,  and  overall  ratloQ  of  events  (OR) 


Amount  of  Current  Life  Stress 

The  Life  Events  Form  I  and  II  (see  Appendix  E)  was  used  to  assess 
the  amount  and  type  of  naturally  occurring  stressors  that  the  subjects  may 
have  been  experiencing  at  the  time  of  the  study.  The  Life  Events  Form  I, 
administered  on  the  same  day  as  the  personality  measures,  asked  subjects  to 
rate  the  amount  and  type  of  stress  they  had  "recently"  experienced.  The  Life 
Events  Form  II  was  administered  at  the  start  of  each  test  day  (baseline  day 
and  record'fire  day)  and  as)ced  subjects  to  rate  the  amounc  and  type  of  stress 
they  experienced  within  "the  last  24  hours." 

Trait  Measures 

The  following  trait  measures  were  used: 

1.  The  State-Trait  Anxiety  Inventory  (STAI.)  Form  Y-2 
(Spielberger,  Gorsuch,  Lushene,  Vagg,  i  Jacobs,  1963)  consists  of  20 
statements  that  assess  how  the  respondents  "generally"  feel.  The  essential 
qualities  evaluated  by  the  STAI  were  feelings  of  apprehension,  tension, 
nervousness,  and  worry. 

2.  The  Multiple  Affect  Adjective  CheOclist— Revised  (MAACL-R) 
(General  or  Trait  form  (Zuc)cerman  &  Lubin,  1985)  consists  of  five  primary 
subscales  (Anxiety,  Depression,  Hostility,  Positive  Affect,  and  Sensation 
See)cing)  derived  from  a  one-page  list  of  132  adjectives.  An  overall  distress 
score.  Dysphoria  or  Negative  Affect,  was  calculated  by  adding  the  Anxiety, 
Depression,  and  Hostility  scores.  The  respondents  were  instructed  to  check 
all  the  words  that  described  how  they  "generally"  feel. 

Raw  scores  for  each  subscale  were  converted  to  standardized 
scores.  The  standardization  sanple  for  the  MAACL-R  Trait  form  was  the  general 
population  stratified  saiiq>le.  To  control  for  small,  moderate,  or  large 
individual  response  sets,  both  the  Trait  and  State  forms  are  standardized 
within  different  ranges  of  total  number  of  items  checked. 

3.  The  Sensation  Seeking  Scale  (SSS),  Form  V  (Zuckerman,  1979) 
contains  four  subscales  (Thrill  and  Adventure  Seeking,  Experience  Seeking, 
Disinhibition,  and  Boredom  Susceptibility) .  Respondents  were  presented  with  a 
40-item,  forced  choice  questionnaire  that  was  titled,  "Interest  and  Preference 
Survey."  A  "Total"  score,  which  was  based  on  the  sum  of  the  four  subscsle 
scores,  was  used. 

4.  Rotter's  Internal-External  scale  (Rotter,  1966)  was  used  as  a 
measure  of  locus  of  control.  Respondents  were  asked  to  complete  29  forced 
choice  items  (including  six  "filler"  statements)  relating  to  their  locus  of 
control  beliefs.  If  individuals  perceived  that  an  event  was  the  result  of 
luck,  chance,  fate,  or  as  being  controlled  by  powerful  others,  it  constituted 
a  belief  in  "external"  control.  If  they  perceived  that  the  event  was 
contingent  upon  their  own  behavior  or  their  own  relatively  permanent 
characteristics,  it  was  a  belief  in  "internal"  control. 

5.  The  Eysenck  Personality  Questionnaire  (EPQ)  recognizes  three 
distinct  dimensions  of  personality:  Extraversion-Introversion  (E) , 
Neuroticism  (N) ,  and  Psychoticlsm  (P)  (Eysenck  6  Eysenck,  1975).  When  the 
EPQ-P  and  EPQ-N  scales  were  used  for  measuring  personality  traits  in  normal 
persons,  Eysenck  and  Eysenck  (1975)  described  them  as  measures  of 
"emotionality,"  "toughmindedness,"  or  "stability-instability." 
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Coping  Measures 

Measures  of  coping  included 

1 .  The  Revised  Nays  nf  Coping  Checklist  (RNCCL)  (Vitalianor 
Russo,  Carr,  Haiuro,  t  Becker,  1965)  identified  five  individual  coping 
efforts:  problem'-focused  thoughts  or  behaviors,  seeking  social  suppoit, 
wishful  thinking,  blaming  self,  and  avoidance.  Raw  scores  were  converted  to 
relative  scores  to  eliminate  bias  resulting  from  differenc-es  in  the  number  of 
items  on  each  scale  (Vltaliano,  Maiuro,  Rubso,  &  Becker,  1987) . 

2.  A  Coping  Efficacy  scale  asked  respondents  to  rate  (from  1  to 
10)  their  level  of  confidence  in  their  ability  to  do  well.  This  scale  was 
adapted  from  a  self-efficacy  scale  developed  by  Bandura  (1977)  for 
investigating  the  predictive  power  of  efficacy  expectations  about  behavior  or 
performance.  Bandura  (personal  communication,  December  31,  1985)  suggested 
that  self-efficacy  scales  be  tailored  to  the  testing  situation  through  simple 
modifications  of  the  instructions. 

State  Measures 

A  5-minute  battery  of  stress  perception  measures  was  given 
immediately  before  and  after  the  competitive  firing  on  record-  .irw  day  and 
before  and  after  a  coaqparative  interval  on  che  previous  baseliue  day.  The 
battery  included 

1.  Form  Y-1  (State  Form)  of  the  STAX  (Splelberger  et  al.,  1983). 

2.  The  Today  Form  of  the  MAACL-R  (Zuckenuan  i  '.ubin,  1985). 
Because  of  the  ingiroved  discriminant  validity  wnd  the  control  of  the  checking 
response  set,  the  MAACL-R  has  been  particularly  suitable  ‘^or  investigations 
that  postulate  changes  in  specific  affects  in  respcn4.e  to  stressful 
situations. 


3.  The  Subjective  Stress  Scale  (SUBJ  STRESS)  was  developed  by 
Kerle  and  Bialek  (1958)  to  detect  significant  affective  changes  in  stressful 
situations.  subjects  were  instructed  to  select  one  word  from  a  list  of  15 
adjectives  that  best  described  how  they  felt. 

4.  The  Specific  Rating  of  Events  scale  (SRE),  was  a  post-measure 
designed  for  this  program,  in  which  the  subjects  rated  (on  a*  scale  of  0  to 
100)  how  stressful  the  event  was  to  them.  This  scale  is  included  in  App<ndix 
E. 


RESULTS 

Salvo  Stress  Study  Group  Differences 
Demographic  Data 

Multivariate  analyses  of  variance  (MANOVAs)  indicated  that  there 
were  no  significant  differences  between  the  Control  and  Corapet.ition  Groups 
concerning  demographic  factors  such  as  age  and  rank,  nor  were  differences 
found  in  variables  reflecting  type  and  amount  of  military  experience,  such  as 
length  of  service  and  cur:  .nt  weapons  qualifications. 
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Unit  Cohesion  tnd  Morale 


There  were  no  significant  differences  in  unit  perceptions 
concerning  leadership  qualities^  level  of  morale,  readiness  for  combat,  or 
level  of  unit  confidence  between  the  lOlst  and  the  82nd  Airborne  Divisions. 

Trait  Measures 

A  MAMOVA  indicated  that  there  were  no  significant  differences 
between  the  Competition  Group  and  the  Control  Group  concerning  the  trait 
measures  used. 

Coping  Measures 

The  coping  data  were  also  analyzed  using  MANOVA,  which  included 
the  .five  subscales  of  the  RNCCL  (k'robleffl*'focused,  PFOC;  Social  Support,  SUPP; 
Wishful  Thln)(ing,  WISH;  Blaming  Self,  BLAME;  and  Avoidance,  AVOID),  and  the 
Coping  Efficacy  scale.  There  were  no  significant  differences  in  these  coping 
measures  between  the  two  groups. 

State  Measures 

MAtioVAs  indicated  that  there  were  significant  group  differences  in 
the  state  teasures  only  for  record-tire  day.  Subsequent  separate  MANOVAs  were 
conducted  'bout  the  variables  to  test  the  effects  and  interactions  of  groups 
(Corpetitio  1  ntid  Control)  x  Measures  (nir.e  state  measures)  x  Period  (Pre  and 
Post) .  . 


A  thrwe-^way  interaction  effect  for  Groups  (2)  x  Measures  (9)  x 
Pre/Post  Period  (2)  was  significant  {Wi.Us'  X  •  .678;  F(8,45)»  2.67,  p-.017) 
for  record-fire  day  only.  Subsequent  MMiOVAs  were  conducted  for  each  state 
measure,  ueing  Groups  (2)  x  Period  (2)  designs.  Post  hoc  tests  conducted  of 
the  significant  interactions  used  the  Tukey-Kramer  modification  of  the  Tu)cey 
HSD  tesc  whicn  was  appropriate  for  comparisons  with  unequal  numbers  of 
observations  (Wilkinsc.i,  1988,  p.709).  Figures  34  through  aO  present  mean 
responses  (■•■standard  error  of  the  me^n,  SEM)  for  those  variables. 

STAX  Anxxecy  (see  Figure  34) 

There  was  a  groups  main  effect  indicating  that  the 
Competition  Group  reported  higher  Anxiety  scores  than  the  Control  Group 
(F(1,S3)-  4.23,  P-.04S).  A  Period  mair  effect  indicated  that  the  Anxiety 
scores  increased  significantly  from  pre-  to  post-firing  periods  (F(l,53)« 
11.13,  P-.002). 

Sib: active  Stress  Scale  (SUBJ  STRESS)  (see  Figure  35) 

Although  the  Groups  x  Period  interaction  effect  was  not 
significant  at  p<.05  (F(1,5C)«  3.40,  p>.07),  the  pattern  of  responses  for  each 
group  is  worth  noting.  As  illustrated  in  Figure  35,  while  the  stress  rating 
for  the  period  during  the  weapon  firing  (post  measure)  increased  slightly  for 
the  Con^titicn  Group,  the  rating  decreased  for  the  Control  Group. 
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riguT*  3S.  M«cn  pc«-  and  poat-atrass  6ubj«etiv«  Strass  (8UBJ  STRESS)  seoraf 
for  tha  Conpatitlon  and  Control  Oroupa  on  baaallna  day  and  racord- 
fira  day. 


MEAN  STRESS  RATING 


DAY 


Figure  36.  Mean  streas  ratings  from  the  Specific  Rating  of  Events  scale  for 
the  Competition  and  Control  Groups  on  baseline  day  and  on  record- 
fire  day. 
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rigui*  37 .  MAfta  pr«-  and  poat -strata  MAACL-R  Anjciaty  aooraa  for  Conpatltion 
and  Control  Groups  on  pasallna  day  and  on  racord-flr*  day. 
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Figure  38.  Mean  pre-  and  post-atreea  MAACL^R  Hoatlllty  acorea  for  the 

Conpetition  and  Control  Groupa  on  baaelina  day  and  record-fire 
day. 


85 


PRE 


POST 


TIME  PERIOD 


Mean  pra-  and  poat-atraaa  MAACL-R  Sonsatlon  SaaJcing  (8S)  aeoraa 
for  tha  Coa^tltion  and  Control  Oroupa  on  baaalina  day  and  on 
racord-fira  day. 


Spaclfle  Rating  of  Evants  (SRE)  (s««  Piguxa  3$) 

Aa  dascribad  in  tha  Mathoda  aaction,  tha  SRE  traa  a  poat 
aiaaaura  givan  onea  on  baaalina  day  and  onca  on  racord*>fixa  day.  tfbaxaaa  all 
other  atata  naaauraa  were  analyzed  uaing  a  Groupa  x  Period  deaign,  the 
analyaia  for  thia  meaaura  waa  conducted  uaing  a  Groupa  x  Daya  deaign.  A 
Gtoupa  nain  affect  indicated  that  tha  Conpetition  Group  reported  aignificantly 
higher  atreaa  ratinga  than  the  Control  Group  (r(I,56)"  6.05,  p>.017).  Thera 
waa  alao  a  aignificant  daya  main  affect  that  indicated  a  aignificant  increaae 
in  atreaa  ratinga  from  baaalina  day  to  racord-fira  day  (P(l,58)"  68.76, 
p<.001) .  Poat  hoc  testa  conducted  of  tha  Groupa  x  Daya  interaction  <P(1,S8)"> 
4.56,  p«.037)  uaing  tha  modified  Tukay  HSD  Teat  yielded  a  critical  value  for 
alpha". 01  (CV  Q]^)  of  12.98  and  CV  9.75  for  group  coopariaona  within  daya. 
Thia  indicated  that  tha  Competition  Group  rated  tha  weapon  firing 
aignificantly  more  atreaaful  than  the  Control  Group  did  on  record-fire  day 
(p<.0l). 


MAACL-R  Anxiety  (see  Figure  37} 

A  groupa  main  effect  indicated  that  the  Coopetition  Group 
reported  significantly  higher  Anxiety  scores  than  the  Control  Group  did 
(P<1,58)"  11.30,  p-.OOl) . 

MAACL-R  Hostility  (aea  Figure  38) 

A  groups  main  effect  indicated  that  tha  Coa^tition  Group 
reported  significantly  highar  Hostility  scores  than  the  Control  Group  did 
(F<1,58)«  7.98,  p".006),  and  a  Period  main  affect  indicated  that  post-firing 
Hostility  scores  were  significantly  higher  than  tha  pre-firing  scores 
(F(l,58)"  32.95,  p<.00l) .  Post  hoc  teats  conducted  of  the  Groups  x  Period 
interaction  affect  <r(l,58)"  5.26,  p".026)  using  the  modified  Tukay  HSD  Teat 
yielded  a  CV  13.77  and  CV  g^*  10.33  for  group  comparisons  within  time 

period.  Thia  indicated  that  while  there  were  no  group  differences  in 
Hostility  during  tha  pre-firing  period,  tha  Competition  Group  reported  post¬ 
firing  Hostility  scores  that  were  significantly  higher  than  the  Control  Group 
did  (p<.01)  . 


MAACL-R  Sensation  Seeking  (see  Figure  39) 

A  significant  Period  main  effect  indicated. a  significant 
overall  increase  in  Sensation  Seeking  (SS)  ratings  from  pre  to  post  measures 
(F(1,S8)"  28.70,  p<.001).  Post  hoc  tests  conducted  of  the  Groups  x  Period 
interaction  affect  (F(1,S8)"  14.80,  p<.001)  using  the  modified  Tukay  HSD  Test 
yielded  a  CV  g^"  5.59  and  CV  g^"  4.20  for  group  comparlaona  within  time 

periods.  This  indicated  that  tha  Competition  Group  reported  a  significantly 
highar  pre-firing  SS  level  than  tha  Control  Group  did  (p<.01),  while  the 
reverse  is  true  for  tha  post-firing  time  period  (p<.0S) . 

For  tasting  within-group  differences  across  time  periods, 
CV  4.54  and  CV  gj*  3.40  for  tha  Coaipetition  Group  and  CV  g^*  6.41  and 

CV  gg-  4.82  for  tha  Control  Group.  While  tha  Control  Group  showed  a 

significant  increase  in  Sensation  Seeking  scores  from  the  pre  to  post  measures 
(p<.01),  the  Con^tition  Group  did  not. 
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MAACL-R  Rosltiv*  Affect  (see  Figure  40) 

A  period  mein  effect  Indicated  significant  decreases  in 
Positive  Affect  from  the  pre  to  post  time  periods  (F(l,58)*  37.03*  p<.001) . 

As  Figures  34  through  37  illustrate*  the  response  patterns 
for  the  STAI  Anxiety*  the  Subjective  Stress  Scale*  and  the  SRE  Anxiety 
measures  are  all  remarkably  sisiilar  to  the  MAACL-R  Anxiety  sieasure. 
Consequently*  to  avoid  repetition,  further  discussion  of  statistical  results 
of  the  anxiety  response  is  based  primarily  on  the  MAACL-R  Anxiety  measure.  In 
addition  to  the  MAACL-R  Anxiety  subsoale*  the  other  MAACL-R  subscales 
(Depression*  Hostility*  etc.)  are  discussed. 


Con^arative  Stress  Data 

As  in  the  previous  chapter  for  the  physiological  data*  the  profile  of 
psychological  responses  obtained  from  the  SS  study  are  cospared  with  profiles 
obtained  in  the  Surgical  and  Medical  Examination  protocols  conducted  at 
Northwestern  University.  All  measures  cos^ared  below  are  stress  perception 
measures  taken  on  the  day  of  the  stress  event  for  the  respective  protocols 
(see  Figures  41  through  51)*  except  for  the  Northwestern  non-stressed  Control 
Group  ("Independent  Control") .  A  MANOVA  indicated  there  were  significant 
differences  between  the  groups  for  several  of  the  measures  (Wilks'  X  >  .142; 
F(60*419)-  4.54*  p<.001).  Once  again,  the  Tukey-Kramer  modification  of  the 
Tukey  HSD  test  was  used  to  conduct  the  post  hoc  tests  of  these  measures  to 
determine  where  the  significant  group  differences  occurred. 


State  Measures 

HAACL-R  Anxiety 

Figures  41  and  42  Illustrate  how  the  Anxiety  ratings 
reported  by  the  soldiers  in  the  salvo  stress  study  ("SS  Control"  and  "SS 
Cong>etition  Groups")  coiig)ared  with  ratings  obtained  for  the  same  aieasure  for 
the  groups  studied  at  Northwestern  University.  Post  hoc  tests  of  the  pre¬ 
stress  Anxiety  measure  yielded  a  CV  19.18  and  CV  16.07  for  comparisons 
between  all  the  groups .  This  indicated  that  both  Control  Groups  reported 
significantly  less  anxiety  than  the  exam  (p<.05)  or  surgical  group  (p<.01). 
Post  hoc  tests  of  the  post-stress  Anxiety  measure  yielded  a  CV  gj^-  17.67  and 
CV  gg-  14.81  for  group  conq>arisons.  These  data  indicate  that  in  the  post¬ 
firing  period*  the  SS  ConQ»etition  Group  had  a  significantly  higher  level  of 
anxiety  than  the  SS  Control  Group  did  (p<.05)*  and  had  a  level  of  anxiety 
associated  with  a  moderate  level  of  stress  (about  comparable  to  taking  a 
written  exam)  . 

MAACL-R  Depression 

As  illustrated  in  Figure  43  (pre  stress),  both  the  SS 
control  and  SS  Coo^etition  Groups  reported  significantly  lower  levels  of 
depression  than  the  spouses  from  the  Surgical  study  (Tukey  HSD  CV  gg-  10.08; 
p<.05) .  Figure  44  (post  stress)  illustrates  that  the  Independent  Control 
Group  (Tukey  HSD  CV  g]^>  22.46;  p<.01)  and  both  the  SS  control  and  SS 

Competition  Groups  reported  significantly  lower  depression  levels. than  the 
spouses  did  (Tukey  HSD  CV  gg«  18,83,  p<.05) . 
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SURQERy 


WRfrTEN 


EXAM 


OONTnOL 


CONTnOL  OOMPETmON 


Fi9ur«  41.  Conparison  oC  Man  pra-atraaa  MAACL>R  Anxiaty  for  8S  Coiiq>atition 
and  8S  Control  Groups  on  racord-fir#  day  witb  thosa  for  subjacts 
in  tha  conditions  ([1]  spousa  having  sarious  abdominal  surgary; 
[2]  taking  an  is^ortant  madlcal  school  written  axam;  or  [3] 
indapandant  non^srrass  control  condition) . 


MEAN  ANXIETY  SCORE 


Flgur«  42.  Comparison  of  nwan  poat-strasa  MAACL-R  Anxiaty  for  SS  Compatition 
and  SS  Control  Groups  on  racord-flra  day  with  thosa  for  subjacts 
in  tha  conditions  ([1]  spousa  havin9  carious  abdominal  surgary; 
[2]  taking  an  important  roadical  school  written  axam;  or  [3] 
indapandant  non-strass  control  condition) . 
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SURGERY  EXAM 


CONTRCX 


CONTROL 


gg - 1 

COMPETmON 


Pigur«  43.  Conqiacison  of  moan  pra-atraaa  MAACL-R  Dapraaaion  acoras  fox  SS 
Con^titlon  and  S8  Control  Groupa  on  racord^flra  day  with  thoaa 
for  aubjaeta  in  tha  conditiona  ((1]  apeuae  having  aarioua 
abdoninal  aurgary;  [21  talcing  an  important  medical  school  written 
axaffl;  or  [3]  independent  non-straas  control  condition) . 
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SURGERY  EXAM  CONTROL  CONTROL  COMPETITION 


Figure  44.  Con^arlson  of  mean  post-etreas  MAACL~R  Depression  scores  for  SS 
Competition  and  SS  Control  Groups  on  record^fire  day  with  those 
for  subjects  in  the  conditions  ([1]  spouse  having  serious 
abdominal  surgery;  [2]  taking  an  important  medical  school  written 
exam;  or  [3]  independent  non^stress  control  condition) . 
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MEAN  HOSTILITY 
SCORE 


Figure  45.  Con^ariaon  of  mean  pra-atraas  MAACL-R  Hoatllity  acoraa  for  SS 
Conpatltlon  and  SS  Control  Groupa  on  racord**fira  day  with  thoaa 
for  aubjacta  In  tha  condltlona  ([1}  apouaa  having  aarioua 
abdominal  aurgary;  (2]  taking  an  important  madical  achool  writ tan 
axam;  or  [3]  Indapandant  non-atraaa  control  condition) . 
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MEAN  HOSTILITY 
SCORE 


Figur*  4€.  Comparison  of  maan  post'-’Strass  MAACL-R  Hostility  scores  for  SS 
Competition  and  SS  Control  Groups  on  record-fire  day  with  those 
for  subjects  in  the  conditions  ([1]  spouse  having  serious 
abdominal  surgery;  (2]  taking  an  important  medical  school  written 
exam;  or  [3]  independent  non-stress  control  condition) . 
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SURGERY  EXAM  OOTmOL  CONTROL  COMPETTnON 


Figure  47.  Comparison  of  mean  pre-^streas  Sensation  Seeking  scores  for  5S 
Competition  and  SS  Control  Groups  on  record-fire  day  with  those 
for  subjects  in  the  conditions  ([1]  spouse  ha^'ing  serious 
abdominal  surgery;  (2]  taking  an  important  medical  p«hool  written 
exam;  or  (3}  Independent  non-stress  control  condition) . 
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MEAN  SENSATION 
SEEKING  SCORE 


70 


Figure  48.  Cooiparlson  of  mean  MAACL-R  Sensation  Seeking  scores  for  SS 
Competition  and  SS  Control  Groups  on  record^flre  day  with  those 
for  subjects  in  the  conditions  ([1]  spouse  having  serious 
abdominal  surgery;  [2]  taking  an  important  medical  school 
written  exam;  or  [3]  independent  non-stress  control  condition) . 
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Figure  49.  Comparison  of  mean  pre-atreaa  MAACL-R  Positive  Affect  scores  for 
SS  Competition  and  SS  Control  Groups  on  record'-fire  day  with 
those  for  subjects  in  the  conditions  ([1]  spouse  having  serious 
abdominal  surgery;  (2]  taking  an  important  medical  school  written 
exam;  or  [3]  independent  non>stress  control  condition) . 
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SURGERY  EXAM  CONTROL  CONTROL  COMPETTTON 


Figure  SO.  Coiif>arison  of  mean  poat^atreas  MAACL^R  Poaitive  Affect  acorea  for 
SS  Competition  and  SS  Control  Groupa  on  record-fire  day  with  thoae 
for  aubjecta  in  the  conditiona  ([1]  apouae  havi^'g  serioua 
abdominal  aurgery;  [2]  taking  an  iinportant  medical  ac'iool  written 
exam;  or  (3]  independent  non-atreaa  control  condition'^  . 


99 


MEAN  STRESS 
RATING 


Figure  51.  Comparieon  of  mean  stress  ratings  from  the  Specific  Rating  of 
Events  scale  for  SS  Con^tition  and  SS  Control  Groups  on  record- 
fire  day  with  those  for  subjects  in  the  conditions  ((!]  spouse 
having  serious  abdominal  surgery;  [2]  taking  an  important  medical 
school  written  exam;  or  [3]  independent  non-stress  control 
condition) . 
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MAACL-R  Hostility 


Th«ro  were  no  significant  differences  in  Hostility  between 
any  of  the  groups  during  the  pre-stress  period  (see  Figure  45)  .  However, 
post-stress  ratings  (see  Figure  46)  indicated  that  the  SS  Competition  Group 
reported  significantly  higher  ratings  of  Hostility  after  firing  for  record 
than  any  other  group  did  (Tu)cey  HSD  CV  19.05;  p<.01)  .  The  SS  Control 
Group  did  not  differ  significantly  from  any  group  except  the  SS  Coiqpetition 
Group . 


MAACL-R  Sensation  Seelcing 

Figures  47  and  46  illustrate  the  difference  in  Sensation 
Seelcing  ratings  between  the  SS  groups  and  those  from  the  Surgical  and 
Examination  Studies.  Although  the  SS  Competition  Group  did  not  differ  from 
the  SS  Control  Group  or  the  Exam  Group  for  the  pre-stress  Sensation  Seelcing 
measure,  they  reported  significantly  higher  ratings  than  the  Independent 
control  and  Surgical  groups  did  (Tukey  HSD  CV  6.60;  p<.0l)  for  that  time 

period.  Both  the  SS  Control  and  SS  Con?>etition  Groups  reported  significantly 
higher  Sensation  Seelcing  during  the  stress  event  (post  measure)  than  did  any 
of  the  other  groups  studied  to  date  (Tukey  HSD  CV  7.66;  p<.01). 

MAACL-R  Positive  Affect 

There  were  no  significant  group  differences  in  pre-stress 
Positive  Affect  (see  Figure  49) .  However,  as  illustrated  in  Figure  SO  (post 
stress),  both  SS  groups  and  the  Exam  group  reported  significantly  lower 
Positive  Affect  than  the  Independent  control  did  (Tukey  HSD  CV  6.00; 
p<.05). 


Specific  Rating  of  Event.*, 

The  SS  Competition  Group  reported  significantly  higher 
stress  ratings  than  the  SS  Control  Group  (Tukey  HSD  CV  19.09;  p<.05)  and 
the  Independent  Control  Group  did  (Tukey  HSD  CV  22.76;  p<.01)  and  stress 

ratings  similar  to  the  those  reported  by  the  Surgical  and  Exam  groups  (see 
Figure  51) .  Although  the  SS  Control  Group  did  not  report  stress  ratings  that 
were  significantly  different  from  those  of  the  Independent  Control  Group  or 
the  Exam  group,  they  experienced  significantly  less  stress  than  the  Surgical 
group  did  (Tukey  HSD  CV  qj-  22.78;  p<.0l). 


Consonants  of  Negative  Affect 

Results  from  the  above  analyses  of  group  differences  and  from  the 
comparative  stress  data  indicated  particularly  high  post-stress  hostility 
levels  for  the  SS  Competition  Group.  In  the  SS  study,  individual  performance 
was  at  stake  and  well  publicized,  creating  a  situation  that  was  more  of  a 
personal  threat  to  the  ego  versus  one  that  involved  an  indirect  threat  or 
concern  for  another  person's  welfare  (e.g.,  spouses  in  the  Surgical  study). 
Therefore,  it  appears  that  the  soldiers'  expectations  of  how  they  should 
perform  and  their  appraisals  of  how  well  they  were  performing  were  expressed 
as  components  of  negative  affect . 

As  stated  earlier,  the  three  components  of  negative  affect  include 
hostility,  depression,  and  anxiety.  Zuckerman  (personal  communication,  April 
3,  1989)  defined  hostility  as  "the  individual's  frustration  level,"  depression 
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as  "a  parsonal  aensa  of  failure."  and  anxiety  as  "a  measure  of  uncertainty." 
Based  on  the  SS  results,  it  appears  that  in  a  situation  involving  the 
evaluation  of  individual  performance,  two  consonants  of  negative  affect, 
frustration  level  and  sense  of  failure,  tend  to  dominate  as  factors  reflecting 
a  more  self-oriented  perception  of  the  stressfulness  of  the  situation.  For 
example,  the  individual  will  experience  either  a  sense  of  frustration  or 
failure  based  on  a  combination  of  his  or  her  personal  expectations  of  how  well 
s/he  should  perform  and  his  or  her  appraisal  of  how  well  s/he  is  performing. 

Uncertainty,  on  the  other  hand,  appears  to  relate  more  to  the 
individual's  perception  of  the  circumstance  or  situation  and  lack  of 
information  about  what  might  happen.  This  reflects  a  more  externalized 
process,  a  "what  if”  phenomenon,  as  opposed  to  the  more  internalized  process 
("I  know  I'm  not  doing  well")  reflected  in  the  self-oriented  dimension  of 
negative  affect. 

In  a  .series  of  investigations  of  variations  in  affect  of  Army  platoons 
undergoing  basic  combat  training  (BCT) ,  a  divergence  between  components  of 
negative  affect  at  certain  stress  points  in  the  BCT  cycle  has  been  reported. 
To  describe  the  relationship  between  the  two  distinct  processes  of  stress 
perception  (self-oriented  versus  external)  for  the  SS  subjects,  an  affect 
divergence  score  uas  devised.  MAACL-R  Hostility  and  MAACL-R  Depression  scores 
were  combined,  and  MAACL-R  Aiuciety  was  then  subtracted  (affect  divergence 
score  -  (Hostility  +  Depression]  -  Anxiety) .  A  divergence  between  the 
Hostility  t  Depression  total  and  the  Anxiety  score  would  result  in  a  high 
score  on  the  affect  divergence  score.  This  would  indicate  a  relatively  high 
level  of  frustration  and  sense  of  failure  with  relatively  little  uncertainty. 
This  new  measure  was  included  in  the  correlation  matrix  used  below  to  evaluate 
relationships  between  psychological  measures  and  performance. 


Correlations  with  Performance 

Pearson's  correlation  coefficients  were  computed  for  the  SS  groups 
between  the  performance  measures  (the  number  of  targets  hit  in  the 
semiautomatic  and  burst  modes)  and  the  military  experience,  psychological,  and 
coping  measures.  As  indicated  in  Table  4,  correlations  were  computed  for  all 
60  subjects  for  the  military  experience  and  trait  variables.  However, 
correlations  were  computed  separately  for  the  Competition  Group  (Ii«40)  and  the 
Control  Group  (iL-20)  for  the  state-related  variables.  Performance  was 
measured  by  the  number  of  targets  hit  in  each  mode.  The  total  number  of 
possible  hits  was  72  per  mode. 


Performance  and  Military  Experience 

Since  no  significant  differences  Isetween  groups  were  found  for  the 
military  experience  variables,  Pearson  correlation  coefficients  were  confuted 
iMtween  these  variables  and  performance  for  the  combined  SS  groups.  As  shown 
in  Table  4,  length  of  service  and  current  weapons  qualifications  correlated 
significantly  and  positively  with  performance.  While  a  longer  length  of 
service  was  associated  with  better  burst  mode  performance,  the  number  of 
weapons  for  which  the  soldier  was  currently  qualified  was  positively 
correlated  with  semiautomatic  mode  performance. 
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Significant  Correlations  With  Performance 


Measure 

Group 

Correlations  with 
performance  (SM*,  BM^) 

Military  experience 

All 

(11-60,  dl-SS) 

Length  of  Service/BM, 

X  -  +0.33* 

Current  Weapons  Qualif/SM, 

X  -  +0.26* 

Trait  measures 

All 

(11-60,  di-58) 

MAACL-R  Depression/SM, 

X  -  -0.31* 

MAACL-R  Hostility/SM, 

X  -  -0.29* 

MAACL-R  Negative  Affect/SM, 

X  -  -0.36** 

Coping  measures 
(record-fire  day) 

Control 
(11-20,  dlL-18) 

AVOID/BM,  X  -  -0.46* 

State  ifteasures  (post) 
(record-fire  day) 

Conqpetition 

(11-40,  dt-38) 

MAACL-R  Sensation 

See)cing/SM, 

X  -  +0.55** 

MAACL-R  Sensation 

See)cing/BM,  x  -  +0.41** 
Affect  Divergence  Score/SM, 

X  -  -0 . 33* 

Affect  Divergence  Score/BM, 

X  -  -0.35* 

Control 
fa-?0,  d£-18) 

MAACL-R  Hostility/BM, 

X  -  -0.46* 

Affect  Divergence  Score/BM, 

X  -  -0.50 

*SM  -  Targets  hit  in  semiautomatic  mode 
■■  Targets  hit  in  burst  mode 
•  •  p<.05 

**  -  p<.01 
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Performance  and  Psychological  Responses 

Trait  Measures 

As  indicated  in  Table  4,  Trait  Depression  and  Trait 
Hostility  were  both  significantly  and  negatively  correlated  with  performance 
in  the  semiautomatic  mode  of  fire.  In  other  words,  individuals  who  reported 
feeling  "generally"  depressed  or  hostile  did  not  perform  as  well  in  the 
semiautomatic  mode  as  those  with  lower  trait  Depression  and  Hostility. 

Coping  Measures 

Separate  Pearson  correlation  coefficients  were  computed  for 
the  CoRpetition  and  Control  Groups  between  the  coping  measures  and  performance 
scores.  There  were  no  significant  correlations  between  baseline  day  coping 
measures  and  record-fire  day  performance.  There  were,  however,  significant 
correlations  between  coping  measures  obtained  on  record-fire  day  and 
performance.  As  indicated  in  Table  4,  a  significant  negative  correlation  was 
found  between  the  Avoidance  subscale  of  the  RWCCL  and  burst  mode  performance 
for  the  Control  Group  only.  Those  individuals  who  reported  sleeping  whenever 
they  could  and  generally  avoiding  others  did  not  perform  as  well  as  those  who 
were  more  situationally  oriented. 

State  Measures 

Separate  correlations  were  also  performed  for  the 
Competition  and  Control  Groups  for  the  stress  perception  measures.  Once 
again,  there  were  no  significant  correlations  between  baseline  day  state 
measures  and  record-fire  day  performance.  There  were,  however,  significant 
correlations  between  state  measures  obtained  on  record-fire  day  and 
performance.  As  indicated  in  Table  4,  Sensation  See)cing  scores  (post  measure) 
were  positively  correlated  with  both  semiautomatic  and  burst  mode  performance 
for  the  Competition  Group.  While  negative  correlations  were  found  between 
post-firing  Hostility  scores  and  burst  mode  performance  for  both  groups,  the 
correlation  was  significant  for  the  Control  Group  only. 

The  Affect  Divergence  Score,  however,  proved  more  sensitive, 
correlating  significantly  and  negatively  with  performance  for  both  the 
Competition  and  Control  Groups.  Those  soldiers  who  felt  they  were  not 
performing  according  to  their  own  or  other's  expectations  appeared  to  feel 
more  frustrated.  Those  who  were  more  critical  of  themselves  during  the  ta.^k 
were  not  performing  as  well  in  the  semiautomatic  mode  as  those  who  were  not. 


Individual  Dirfcrences 
Trait  Measures 

To  address  the  effect  of  individual  variability  in  stress 
response,  cluster  analysis  was  performed  using  Version  4.:.  of  the  statistics 
software  pac)cage,  SVSTAT  (Wilkinson,  1988) .  Cluster  analysis  is  a  method  of 
statistically  grouping  subjects  based  on  the  dependent  measures  (e.g., 
evaluating  whether  the  subjects  tend  to  fall  into  g;.oup8  having  similar 
characteristics)  .  It  minimizes  the  variance  for  each  cluster  across  the 
measures  so  that  the  result  is  groups  or  clusters  of  individuals  that  are  most 
alike. 
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VThen  cluster  analysis  was  performed  of  the  personality  measures  of 
the  entire  SS  group,  two  distinct  clusters  of  individuals  emerged:  one  with  a 
high  stability  (and  low  emotionality)  profile,  and  the  other  with  a  relatively 
low  stability  (and  high  emotionality)  profile  (see  Figure  52).  There  were 
equal  proportions  of  subjects  from  each  SS  group  within  each  cluster.  A 
MANOVA  was  conducted  of  the  performance  measures  (semiautomatic  and  burst 
inodes)  to  test  the  effects  and  interactions  of  Trait  Clusters  (High  and  Low 
Stability  Profiles)  x  Groups  (competition  and  control) .  While  there  was  no 
significant  group  main  effect  (Willcs*  X  -  .991;  F(2,54)-  .25,  p“.783)  and  no 
significant  Cluster  x  Group  interaction  effect  (Hil)cs'  X  >  .997;  F(2,54)-  .06, 
p».92S),  there  was  a  significant  Cluster  main  effect  (HiDcs'  X  -  .356; 
F(2,54)>  4.-^7,  P-.016).  Individuals  with  a  trait  profile  of  higher  scores  on 
the  Positive  Affect  subscale,  lower  scores  on  Negative  Affect  subscale,  less 
External  Locus  of  control,  and  higher  stability  (EPQ-P  and  N) ,  performed 
significantly  better  in  semiautomatic  mode  (F(l,55)~  7.33,  p~.009)  than  those 
with  a  profile  of  lower  Positive  Affect,  higher  Negative  Affect,  more  External 
Locus  of  control,  and  less  stability  (see  Figure  53) .  Individuals  in  the  high 
stability  profile  (Cluster  1)  also  reported  using  Problem-focused  coping  cn 
record-fire  day  significantly  more  often  (F(l,55)*  4.45,  p“.039)  than  those  in 
Cluster  I,  the  low  stability  profile. 


DISCUSSION 

In  the  previous  chapter  about  hormone  responses,  it  was  concluded  that 
the  subjects  in  the  cc-npetitive  condition  were  significantly  more  stressed 
physiologically  than  those  in  the  control  condition.  Some  of  the 
physiological  indices  reflected  this  more  than  others  did.  Similar  findings 
were  obtained  using  the  psychological  response  patterns.  The  psychological 
responses  obtained  in  the  SS  study  have  provided  a  more  comprehensive 
evaluation  of  the  use  of  competitive  mar)(smanship  as  part  of  a  methodology  for 
generating  stress. 

Significant  differences  between  the  Conq^etition  Group  and  the  Control 
Group  in  stress  perception  measures  on  record-fire  day  demonstrate  that 
competition  can  be  used  to  reliably  produce  a  moderate  level  of  stress  in 
soldiers.  Pre-  and  post-measures  of  state  anxiety  (MAACL-R  Anxiety,  STAI 
Anxiety,  Subjective  Stress  Scale,  and  Specific  Rating  of  Events)  all  indicate 
that  the  Competition  Group  was  experiencing  significantly  more  stress  than  the 
Control  Group. 

Pre-firing  Sensation  See)cing  ratings  were  also  significantly  higher  for 
the  Cong>etition  Group.  This  measure  corresponds  to  8elf-ra*'ing  descriptions 
of  an  "excited  anticipation"  affect  (Zuc)cerman  4  Lubin,  1965) .  These  subjects 
may  have  been  in  a  state  of  excitation  or  one  of  "anticipatory  vigilance" 
described  by  Arthur  (1967)  as  a  state  of  arousal  that  allows  the  organism  to 
assess  an  impending  stress  and  choose  a  method  of  coping  with  it.  Perhaps  the 
activity  and  arousal  level  of  the  competitors  was  elevated  by  the  entire 
record-firing  scenario  to  place  ^hem  in  a  state  of  "readiness"  for 
competition. 

There  were  also  significant  group  differences  in  post-firing  Hostility 
ratings.  State  Hostility  ratings  for  the  SS  Competition  Group  were  the 
highest  of  any  group.  While  increases  in  hostility  do  not  seem  to  be  part  of 
the  anticipatory  response,  they  do  occur  immediately  afterward  in  response  to 
more  well-defined  and  perhaps  negatively  perceived  aspects  of  the  outcome. 
The  SS  study  included  both  public  and  personal  performance  evaluations 
creating  a  potential  for  heightened  personal  vulnerability.  How  the 
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stability  profile  (Cluster  1)  and  a  low  stability  profile  (Cluster  2) 


25 


BURST  MODE 


Figure  S3.  Performance  scores  (total  targets  hit  per  mode)  for  the  two 
personality  clusters  (Trait  Clusters  1  and  2,  "TCI"  and  "TC2”) 
obtained  from  the  combined  SS  groups. 


individuals  rated  their  response  to  the  stress  event  (indicated  by  the  post 
measures)  appeared  to  depend  on  the  influence  of  intervening  perceptual 
factors  including  personal  expectations  and  demands  combined  with  appraisals 
of  how  well  they  did. 

Although  the  soldiers  rated  the  con^tition  as  moderately  stressful,  the 
overall  level  of  distress  was  apparently  not  enough  to  affect  their  record¬ 
firing  performance.  HrlXins  (1982)  stated  that  not  only  must  a  situation  be 
of  a  given  intensity  to  lead  to  stress,  it  must  also  be  of  a  given  )cind  for  a 
particular  person.  The  SS  study  consisted  of  top-notch  Airborne  troops  highly 
qualified  for  the  task  of  firing  for  record.  In  other  words,  the  tas)c  demands 
alone  would  not  necessarily  have  an  overwhelming  effect  on  marksmanship 
performance.  Some  en^hasis  must  be  given  to  the  individual  reactions  of  the 
soldiers  during  the  weapon  firing.  In  addition  to  tKe  Individual's 
expectations  or  demands  of  himself,  we  must  take  into  account  his  ongoing 
assessment  of  his  possible  success  or  failure  (Wilkins,  1982) . 

The  Affect  Divergence  Score  provides  an  understanding  of  the  dynamics 
occurring  with  some  of  the  intervening  perceptual  factors.  A  high  score  for 
this  measure  indicated  a  divergent  relationship  between  the  level  of  perceived 
failure  combined  with  frustration,  and  the  level  of  uncertainty  involved  in 
the  task.  The  significant  negative  correlations  obtained  with  performance 
indicated  that  the  soldiers  were  affected  more  by  their  realistic  self¬ 
critique  processes  than  by  the  uncertainty  of  the  task  outcome. 

The  divergent  relationship  within  the  Affect  Divergence  Scor«  is 
consistent  with  results  obtained  by  Datel  and  Engle  (1966)  when  'ivaluating 
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changes  in  negative  affect  in  a  platoon  undergoing  basic  combat  training 
(BCT) .  Using  the  MAACL  (Zuckerman  4  Lubin,  1965),  Datel  and  Engle  found  a 
divergence  between  HAACL  Hostility  and  MAACL  Anxiety  at  certain  stress  points 
in  the  bCT  cycle.  During  the  first  3  weeks,  anxiety  subsided  as  hostility 
increased,  while  during  the  last  2  weeks,  hostility  subsided  and  anxiety 
increased.  This  supports  the  notion  that  if  the  individuals'  assessment  of 
their  progress  (BCT  or  other  performance)  is  accon^lished  primarily  through 
repeated  self-critiques,  the  hostility  component  of  the  negative  affect  would 
increase.  However,  if  the  individual  focuses  more  on  the  nature  of  the 
situation  such  as  uncertainty  of  outcome  or  lack  of  information,  the  anxiety 
congjonent  would  increase.  The  Affect  Divergence  Score  provided  an  opportunity 
to  assess  the  interactive  relationship  between  these  specific  affects.  The 
significant  correlations  found  between  the  Affect  Divergence  Score  and 
performance  indicated  that  the  measure  is  more  sensitive  to  the  individual's 
perception  of  the  situation  than  to  any  of  the  three  components  of  negative 
affect  taken  separately. 

Cluster  analysis  of  the  personality  measures  of  the  total  group  revealed 
subgroups  of  subjects  with  two  distinct  personality  profiles:  a  high 
stability  profile  consisting  of  high  Positive  Affect  ratings,  low  ratings  on 
the  Negative  Affect  subscale,  and  less  instability  (lower  EPQ-P  and  N) ;  and  a 
relatively  low  stability  profile  of  the  corresponding  trait  measures.  Lower 
external  locus  of  control  was  also  associated  with  the  low  stress  profile. 
Johnson  and  Sarason  (1979)  pointed  out  that  the  most  studied  personal  resource 
variables  ir  stress  research  are  locus  of  control  and  sense  of  mastery.  The 
perception  of  events  as  controllable  is  associated  with  less  adverse  outcomes. 
This  notion  is  supported  by  the  SS  personality  profiles  because  the  subjects 
in  the  high  stability  profile  perceived  themselves  as  being  more  internally 
motivated  and  used  significantly  more  problem-focused  coping  than  did  the 
remainder  of  the  subjects. 

When  the  significant  negative  correlations  obtained  between  trait 
depression  and  hostility  and  performance  are  considered,  it  may  be  reasonable 
to  conclude  that  the  payoff  for  individuals  with  the  high  stability  pi.ofiles 
is  significantly  better  performance  in  the  semiautomatic  mode  of  fire. 
Although  there  is  no  evidence  of  a  direct  relationship  between  perso.iality 
traits  and  soldier  performance,  the  role  of  significant  moderating  variables 
(e.g.,  coping  strategies)  as  possible  links  between  traits  and  performance 
must  be  considered.  In  a  study  by  Vickers,  Kolar,  4  Hervig  (1989), 
personality  assessments  and  coping  assessments  were  made  for  two  samples  of 
recruits  going  through  U.S.  Navy  basic  training.  They  reported  that  the 
personality  trait  of  conscientiousness  was  related  to  active  problem-solving 
efforts,  while  neuroticism  was  related  to  self-blame  and  wishful  thinking. 
After  a  review  of  studies  that  also  investigated  personality  and  coping 
dimensions,  they  postulated  that  the  link  of  stable  psychological  traits  to 
situational  coping  reactions  may  influence  morale,  performance,  and  health. 
Until  this  is  explored  further,  there  remains  a  need  for  further  assessment  of 
the  use  of  personality  profiles  for  the  prediction  of  performance  during 
stressful  conditions. 

In  trying  to  predict  responses  to  a  stress  event,  it  is  necessary  to 
consMer  the  kind  and  intensity  of  stress  and  the  time  of  measurement,  along 
with  the  personal  factors  that  might  account  for  the  individual  variability  in 
stress  response.  Appley  and  Trumbull  (1977)  found  that  relatively  consistent 
intra-individual,  but  varied  inter-individual,  psychobiological  response 
patterns  occur  in  stressful  situations.  The  impact  of  these  response  patterns 
on  performance  is  not  readily  predictable  from  a  knowledge  of  the  situational 
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conditions  alone,  but  requires  an  analysis  of  the  extent  of  Individual 
variability  in  the  context  In  which  the  stressor  Is  applied. 

A  major  contribution  of  the  HEL  Stress  Research  Program  Is  the 
Identification  of  critical  psychological  and  physiological  factors  for  use  as 
Indices  against  which  other  stressors  can  be  evaluated.  The  data  obtained 
using  the  MAACL-R  subscales  and  the  SRE,  for  example,  measure  a  variety  of 
affective  components  within  the  "stress  experiences”  across  studies.  In 
addition  to  ^Ing  reliable  and  efficient  to  use,  these  measurements  are 
valuable  tools  In  Investigating  Individual  differences  In  response  to  stress. 
Further  relationships  between  the  psychological  data  and  corresponding 
responses  obtained  from  the  physiological  ateasures  are  discussed  In  Chapter  6. 
The  response  profiles  that  have  emerged  from  the  SS  study.  In  conjunction  with 
the  Surgical  and  Exam  Studies,  have  brought  us  closer  to  identifying  the 
significant  factors  that  can  help  develop  an  optimum  methodology  for 
prospective  stress  research. 
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CHAPTER  5 


HEART  RATE  RESPONSES  TO  COMPETITION 
(J.  Mazurczak,  S.  Nansack,  J.  M.  King) 


INTROTUCTION 

Hunan  heart  ratea  change  In  zeaponae  to  exerclae  (Sheffield  t  Roltnan, 
1976)  and  In  reaponae  to  a  variety  of  paychologlcal  atreaaora  (Gunn,  Nolf, 
Block,  6  Peraon,  1972) .  The  lability  of  thla  reaponae  ayatem  meana  that  It  la 
valuable  In  capturing  brief  reaponaea  to  external  eventa. 

While  biathlon  ahootera  perform  beat  at  the  elevated  heart  rate  to  which 
they  ):>ecame  accuatomed  during  training  (O'Leary,  1980),  atudlea  of  competitive 
ahootera  have  generally  auggeated  that  lowero'^  ''art  ratea  are  aaaoclated  with 
auperior  performance  (Wllklnaon,  Landerj  Oanlela,  1981;  Tretllova  t 
Rodmlkl,  1979;  Landera,  1980;  Yur'yev,  198*^)  .  e^erclre  haa  alao  been  found  to 
degrade  the  aiming  and  shooting  perfonaance  of  noncompetitive  military 
shooters  (e.g.,  Torre,  1966)  .  Thus,  rela;:l/ely  lower  heart  rate  haa  generally 
been  linked  to  better  shooting  performance.  The  authors  were  therefore 
Interested  In  evaluating  techniques  to  measure  heart  rate  In  military 
ahootera . 

The  decision  to  Inclement  heart  rate  measurements  In  this  experiment  was 
relatively  late  In  the  planning  process.  Since  the  devices  to  be  used 
were  new  to  the  Investigators,  this  portion  of  the  study  was  Implemented  as 
pilot  work. 

The  objectives  of  thla  work  were  (a)  to  evaluate  the  utility  of  the 
UNIQ''^  HeartWatch  and  related  devices  In  field  settings,  and  (b)  to  obtain  a 
preliminary  assessment  of  the  degree  to  which  heart  rate  measurements  could 
contribute  to  HEL  stress  profiles. 


METHODS 

Subjects 

The  subjects  In  this  subexperiment  were  12  infantrymen,  six  each  from 
the  Competition  and  Contiol  Groups,  who  had  volunteered  to  participate  in  the 
SS  study  and  who  had  further  volunteered  to  wear  the  HeartWatches  and  to  have 
their  heart  rates  monitored. 


Apparatus 

The  stibjects  wore  the  HeartWatch  sensors  and  the  HeartWatch  data-logglng 
watches.  The  sensors  were  strain  gauges  worn  around  the  subjects'  chests 
that  transmitted  the  signals  to  the  HeartWatch,  which  stored  the  data  for 
later  transfer  Into  a  Zenith  248  computer  using  the  model  8799CI  computer 
Interface  module,  where  they  were  saved  as  ASCII  files.  The  HeartWatch 
sensors,  data-logglng  watch,  and  computer  Interface  are  available  from 
Conputer  Instruments  Corporation,  100  Madison  Avenue,  Hen^stead,  New  York 
11S50.  The  other  apparatus  germane  to  this  subexperiment  Is  described 
elsewhere  In  this  report . 
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Proc«dur«a 


Tha  ganaral  procadurea  for  this  aubaxpaxiaant  hava  baan  daacxibad  in  tha 
Ganaral  Mathod  aaction  of  Chaptar  1  and  in  tha  othax  chaptara  of  thia  raport. 
Haart  rata  data  wara  obtainad  from  aix  compatition  atraaaad  aubjacta  (from  tha 
third  waak  of  tha  axparimant)  and  from  aix  control  aubjacta  (from  tha  aacond 
waak  of  tha  axparimant) .  Haart  rata  data  wcra  aaiqplad  during  familiarization 
firing  during  baaalina  day  for  an  avaraga  of  6.S  minutaa  and  during  racord 
firing  on  racord-fira  day  for  an  avaraga  of  14.3  minutaa.  Tha  actual  aanpling 
duration  dapandad  on  tha  tima  raquirad  for  aach  aubjact  to  complata  tha 
firinga.  Tha  watchaa  wara  aat  to  aangila  haart  rata  avary  IS  aaconda.  Bafora 
analyaia,  tha  data  atorad  in  tha  ASCII  filaa  wara  inspactad  for  inatancaa  whan 
two  aanaora  wara  within  tranamiaaion  ranga  of  tha  aubjact 'a  HaartNatch 
racaivar.  Thia  occurrad  whan  two  aubjacta  paaaad  aach  othar  within  tha 
affactiva  tranamiaaion  ranga  of  42  inchaa.  Additional  off-acala  raadinga  can 
ba  attributed  to  atrong  alactromagnatic  intarfarenca  auch  aa  radio  or 
talaviaion  antannaa  and  high  voltaga  power  line  aurgaa.  Such  inatancaa/ 
characterized  by  an  immediate  but  ahort~tarm  doubling  of  haart  rata,  wara 
delated  from  tha  data  aat.  Tha  mean  of  aach  aubjact  *8  haart  rata  for 
familiarization  and  for  racord  firing  waa  than  calculated. 


RESULTS 

Tha  principal  raaulta  of  thia  invaatigation  are  auamarizad  in  Figure  54 
which  ahowa  tha  maana  and  atandard  error  of  tha  maana  of  tha  aubjacta '  haart 
rataa  for  both  groupa  during  familiarization  firing  during  baaalina  day  and 
during  racord  firing  on  racord**fira  day.  ANOVA  procadurea  uaing  tha  SYSTAT 
varaion  4.0  multiple  ganaral  linear  hypothaaia  module  (Wilkinaon,  1988)  wara 
implamantad;  tha  output  ia  auanarizad  in  Table  5.  Tha  Groupa  affect  revealed 
that  haart  rata  waa  aignificantly  elevated  in  tha  Con^atition  Group  conqparad 
to  tha  Control  Group  (F<1/10)  >  17.771/  p  *.002).  Tha  Daya  main  affect 
indicated  that  haart  rataa  wara  alao  aignificantly  elevated  during  record  fire 
(F(l/10)  -  44.767/  p  -.000).  Although  Figure  54  auggaata  that  tha  haart  rata 
increment  from  familiarization  firing  to  racord  firing  waa  greater  in  tha 
Compatition  Group  than  in  tha  Control  Group/  the  Daya  x  Groupa  interaction  waa 
not  aignificant  (F(l/10)  -  3.773/  p-.081). 


DISCUSSION 

The  praaant  raaulta  auggaat  that  tha  Competition  Group  waa  more 
autonomically  arouaad  than  tha  Control  Group  waa  whan  ahooting  during  baaalina 
and  racord-fira  daya.  In  addition,  both  groupa  diaplayed  a  haart  rata 
incraaaa  of  aimilar  magnitude  whan  moving  from  familiarization  firing  to 
racord  firing. 

Thaaa  findinga  auggaat  that  haart  rata  haa  value  aa  part  of  a 
phyaiological  raaponaa  profile,  particularly  whan  collected  uaing 
unancumbaring  davicaa.  Tha  authora  believe  that  haart  rata  data  may,  in  thia 
caaa,  ba  a  uaeful  aurrogata  maaaura  of  anxiety.  Exarciaa,  which  waa  held 
conatant  acroaa  both  groupa,  did  not  contribute  to  tha  obaarvad  group 
diffarancaa. 

Tha  HaartWatchaa  and  thair  attendant  computer  intarfacaa  and  aoftwara 
proved  to  ba  quite  aarvicaabla.  They  yielded  uaeful  data  while  minimally 
encumbaring  tha  aubjacta.  No  failuraa  ware  obaarvad  in  thia  equipment.  In 
thia  particular  caaa,  tha  utility  of  thaaa  haart  rata  data  dapandad  on  tha 
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□  CONTROL  GROUP 


FAMILIARIZATION  RECORD  FIRING 

RRING 


Figure  54.  Mean  (■f standard  error  of  the  mean)  of  subjects’  heart  rates  for 
the  Control  and  Competition  Groups  during  familiarization  firing 
during  baseline  day  and  record>fire  day. 
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TAbl*  S 


Analysis  of  Variance  of  Mean  Heart  Rates 


Source 

SS 

df 

MS 

F 

P 

Total 

3089.334 

23 

Between 

1204.334 

11 

Groups 

770.667 

1 

770.667 

17.771 

0.002 

Error 

433.667 

10 

43.367 

Within 

1885.000 

12 

Days 

1441.500 

1 

1441.500 

44.767 

0.000 

Days  X  Groups 

121.500 

1 

12^.500 

3.773 

0.081 

Error 

322.000 

10 

32.200 

Groups  Competition  versus  Control. 

Days  >  Familiarization  firing  during  baseline  day  versus  record  firing  on 


record-fire  day. 


derailed  records  of  each  subject's  activities  which  had  been  maintained  while 
the  heart  rate  was  monitored,  and  on  the  detection  of  an  apparent  heart  rate 
doubling  or  off  scale  (indicating  that  two  subjects  had  come  within 
transmitter  range  of  e^ch  otner)  thro<ugh  visual  inspections  of  the  data. 

> 

The  relatioiis.h'r  between  heart  rate  and  performance,  relatively  well 
studied  in  comper.lt 'vv,  Siioor.«/s  (Wilkinson,  Landers,  and  Daniels,  1961; 
Tretilova  and  Rc>dr()'\,  1>79;  7,anders,  1990;  Yur'yev,  1980),  should  be 
investigated  for  lass  skilled  groups.  Further  research  in  this  area  is 
planned . 

Zn  summary,  this  equipment  proved  to  be  excellert  for  making  unobtrusive 
measurements  of  heart  rate  during  field  conditions.  The  heart  rate  data 
obtained  proved  to  be  a  useful  component  of  stress  evaluation,  particularly 
when  collected  with  relatively  unencumbering  devices  such  as  the  HeartWatches . 
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CHAPTER  6 


TINTEGRATION  OF  PHYSIOLOGICAL,  PSYCHOLOGICAL,  AMD  PERFORMANCE  FINDINGS 
(J.  M.  King,  G.  A.  Hudgens,  S.  Wansacic,  J.  P.  Torse,  Jr.) 


As  was  noted  in  Chapter  1  of  this  report,  the  present  work  was  an 
attempt  to  expand  HEL's  stress  research  program,  (Hudgens,  Torre,  Chatterton, 
Nansack,  Fatkin,  i  DeLeon-Jones,  1966)  by  obtaining  stress  profiles  for 
soldiers  using  individual  equi]xnent  to  accomplish  military  tasks  when  exposed 
to  a  real  but  non-in jurious  stressor,  con^tition.  This  experiment  is 
theoretically  important  for  that  reason.  This  study  also  provided  data  that 
will  influence  the  ACR  program  by  providing  estimates  of  aiming  error  and  hit 
probability  for  single  round  and  burst  modes  of  fire.  This  study  also 
investigated  a  methodology  for  producing  a  known  level  of  experimental  stress 
in  soldiers  and  applied  HEL's  preliminary  stress  metric  to  the  task  of 
measuring  the  stress  levels  produced.  The  stress  was  produced  by  having 
soldiers  perform  a  military  task,  firing  a  rifle,  in  a  competitive  situation 
which  reflected  upon  their  unit  and  upon  themselves.  This  was  done  in  full 
view  of  their  peers.  The  order  of  performance  was  not  revealed.  Other  task- 
induced  stressors  included  random  presentation  of  targets  by  range,  exposure 
time,  and  the  number  of  targets  available  at  a  time. 


STRESS  BVALUATIOt: 

One  of  the  primary  objectives  of  this  study  was  to  determine  if 
competition  could  be  used  to  generate  a  significant  level  of  stress  in  a 
systems  test  such  as  hat  included  in  this  study.  Accordingly,  cooipetitlon 
was  included  as  a  primary  treatment  variable,  and  other  associated  stress- 
promoting  and  readily  standardized  procedures  (e.g.,  creating  a  meaningful 
reward  contingency,  having  the  individual  perform  before  his  teammates,  etc.) 
were  included  as  supporting  components  in  this  effort. 

To  determine  whether  a  significant  level  of  stress  was  generated  in  the 
study  and  to  determine  the  relative  degree  of  stress  generated,  batteries  of 
psychological  and  physiological  state  measures  were  employed.  Evaluations 
were  made  by  reference  to  results  obtained  in  a  recent  series  of  stress 
studies  conducted  as  a  part  of  the  HEL  stress  program  which  used  these  same 
physiological  and  psychological  state  measures. 

Results  of  the  physiological  evaluations  were  described  in  detail  in 
Chapter  3 .  A  congiarison  of  the  Competition  and  Control  Groups  indicated  that 
the  Conpetition  Group  showed  consistently  and  significantly  greater  stress- 
related  response  changes  for  all  five  endocrine  measures  as  a  function  of 
firing  during  competition  than  did  the  Control  Group  as  a  function  of  the  same 
firing  during  noncompetitive  conditions.  Comparison  of  the  endocrine  data 
obtained  for  the  Competition  Group  IS  minutes  after  firing  for  record  in 
conpetition  with  the  endocrine  data  obtained  at  the  same  relative  time  point 
in  the  Northwestern  University  stress  protocols  revealed  that  the  Conpetltion 
Group  had  a  response  profile  very  similar  to  that  obtained  for  medical 
students  when  taking  an  important  written  examination,  a  moderately  stressful 
situation.  The  Control  Group,  although  showing  some  changes  during  time  for 
some  measures,  generally  had  a  profile  more  characteristic  of  other, 
relatively  non-stressful,  control  conditions.  Both  groups  in  the  present 
study  differed  considerably  from  all  the  other  groups  studied  for  the  growth 
hormone  measure.  This  effect  may  be  accounted  for  by  the  greater  physical 
activity  involved  in  the  present  study  as  compared  with  the  other  studies. 
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8lnc«  growth  hormontt  Is  axtremsly  sensitive  to  chsngos  In  activity  laval. 
Both  groups  In  tha  present  study  also  showed  relatively  high  levels  of 
testosterone,  even  higher  levels  than  the  group  of  medical  students  taking  an 
examination.  At  this  tine,  the  authors  can  only  speculate  that  the  relative 
level  of  testosterone  observed  across  the  groups  might  relate  to  differences 
In  the  performance  requirements  of  the  various  situations.  That  Is, 
testosterone  production  appears  to  have  Increased  as  the  performance  demands 
increased  across  the  situations. 

The  psychological  state  data  presented  In  Chapter  4  revealed  response 
profiles  for  the  Competition  and  Control  Groups  which  strongly  reinforce  the 
conclusions  reached  baaed  on  the  physiol'^glcal  state  data.  Consistent  with 
the  Interpretation  that  the  Competition  toup  was  under  more  stress  than  the 
Control  Group,  the  Competition  Group  subjects  expressed  significantly  greater 
state  anxiety  than  control  subjects  did  both  15  minutes  before,  on  the  MAACL-R 
and  after,  on  both  the  MAACL-R  and  the  STAI,  firing  on  record-fire  day,  and 
they  rated  the  firing  as  significantly  more  stressful  than  did  the  control 
subjects  on  both  the  Subjective  Stress  Scale  and  the  Subjective  Rating  of 
Events  measures.  Additionally,  the  Con^etltion  Group  subjects  expressed 
greater  hostility  and  lower  positive  affect  15  minutes  after  firing.  Both 
findings  appear  to  reflect  greater  dissatisfaction  with  personal  performance 
during  competitive  conditions. 

The  profiles  of  psychological  data  for  the  Competition  and  Control 
Groups  compared  with  profiles  for  the  Northwestern  stress  studies  yielded 
results  that  were  also  very  much  like  those  for  the  physiological  data.  The 
anxiety  expressed  by  the  Competition  Croup  appears  most  comparable  to  that  of 
the  group  of  medical  students  taking  a  written  exam.  This  finding  parallels 
the  comparisons  for  the  cortisol,  prolactin,  and  luteinizing  hormone  data  and 
supports  the  Interpretation  that  a  moderate  level  of  stress  was  experienced  by 
the  Competition  Group.  Additionally,  the  comparative  post-stress  hostility 
ratings  for  the  Competition  and  Control  Groups  reveal  a  pattern  which  Is 
similar  (across  groups  from  the  various  studies)  to  the  pattern  of  comparative 
testosterone  levels.  As  was  the  case  for  testosterone,  the  magnitude  of 
response  appears  to  have  Increased  as  the  performance  demands  Increased  across 
situations . 

The  heart  rate  data  obtained  from  a  limited  sxibset  of  the  subjects  (see 
Chapter  5)  also  suggested  that  the  competition  was  stressful.  Since  this 
measure  has  not  been  included  in  any  of  the  other  stress  program  studies,  no 
comparative  conclusions  can  be  drawn  at  this  time. 


PERFORMANCE  CORRELATES 

Although  this  field  experiment  was  Initiated  with  two  primary  and 
separate  objectives,  namely,  creating  a  method  for  generating  stress  In  test 
situations  and  evaluating  modes  of  fire  to  be  used  for  the  ACR  field  test, 
analyzing  correlational  relationships  between  the  data  obtained  for  the  two 
purposes  yielded  much  additional  interesting  Information.  For  the  purpose  of 
analyzing  these  relationships,  the  marksmanship  performance  measures  used  were 
the  numbers  of  targets  hit  in  the  senlautomatic  and  burst  modes. 

Two  of  the  demographic  measures  taken  were  predictive  of  performance. 
The  longer  the  soldiers  reported  being  in  the  Army,  the  better  they  performed 
In  the  burst  mode,  and  the  greater  the  variety  of  weapons  for  which  they  were 
currently  qualified,  the  better  their  performance  in  the  semiautomatic  mode. 
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B«cause  of  the  tine  points  at  which  the  physiological  and  psychological 
measures  were  obtained#  some  of  their  relationships  with  performance  can  be 
considered  predictive  (those  based  on  measures  obtained  before  record  firing) # 
while  others  can  only  be  considered  associative  (those  based  on  measures 
obtained  after  record  firing) .  At  the  present  time,  these  correlations 
between  stress  measures  and  performance  are  considered  preliminary. 

With  regard  to  the  hormone  data#  different  predictive  relationships 
appear  to  have  existed  depending  on  whether  the  subjects  performed  during 
competitive  conditions.  Tor  the  Control  Group  (no  con^etition) ,  lower 
prolactin  levels  early  in  the  morning  of  baseline  day  and  relatively  higher 
prolactin  levels  early  in  the  morning  of  record-fire  day  were  predictive  of 
better  performance#  particularly  in  the  semiautomatic  mode.  For  the 
Competition  Group#  lower  testosterone  levels  on  baseline  day  were  predictive 
of  better  performance  in  the  burst  mode#  and  a  relatively  lower  testosterone 
level  early  in  the  morning  of  record-fire  day  was  predictive  of  better 
performance  in  the  semiautomatic  mode.  Significant  positive  correlations  were 
obtained  for  both  groups  between  burst  mode  performance  and  ch^..ve  in 
testosterone  level  from  baseline  to  record-fire  day  at  the  -flS-minute  time 
point.  Better  performers  showed  a  smaller  stress  reaction,  that  is# 
suppression  of  testosterone#  conpared  to  those  who  did  poorly. 

Two  personality  (trait)  measures  were  predictive  of  performance.  Lower 
scores  on  both  the  MAACL-R  Depression  and  Hostility  Trait  subscales  were 
predictive  of  better  performance.  However#  none  of  the  state  (stress 
perception)  measures  which  were  given  on  baseline  day  or  before  firing  on 
record-fire  day  were  predictive  of  performance. 

Some  of  the  psychological  measures  obtained  after  firing  on  record-fire 
day  did#  however#  correlate  significantly  with  performance.  For  instance, 
those  Control  Group  subjects  who  reported  using  more  avoidance  behaviors  in 
coping  with  whatever  stress  they  were  experiencing  did  not  perform  as  well  as 
those  who  did  not  tend  to  use  that  coping  mechanism. 

Two  post-firing  MAACL-R  state  measures  correlated  significantly  with 
performance.  Con^tition  Group  subjects  who  performed  well  reported  higher 
Sensation  See)(ing  scores  that  reflect  higher  levels  of  e:;citstion  (!:uc)cerman  i 
Lubin#  1985)  .  Control  Group  subjects  who  performed  worse  in  the  burst  mode 
reported  higher  Hostility  scores  that  reflect  higher  levels  of  frustration 
(Zuc)cerman  &  Lubin#  1985),  presumably  for  not  having  done  as  well  as  they  had 
expected. 

This  field  experiment  demonstrated  that  competition  can  be  used  to 
generate  a  moderate  level  of  stress  in  the  highly  slcilled  and  motivated 
soldier  field  exp>eriment  participants.  Although  the  level  of  s^.ress  generated 
does  not  appear  to  have  been  sufficiently  intense  to  have  adversely  affected 
the  performance  of  the  Competition  Group  relative  to  controls#  this  does  not 
mean  that  the  competition  may  not  affect  the  performance  of  a  direct  fire 
weapon  system.  The  Competition  and  Control  Groups  soldiers  were  from  elite 
units  and  demonstrated  the  expected  esprit  de  corps.  They  too)c  pride  in  their 
performances  and  felt  themselves  under  pressure  to  perform  well.  They 
realized  they  were  involved  in  a  group  effort  and  that  any  poor  individual 
score  would  penalize  the  entire  team.  As  a  result#  the  groups  were 
competitive#  and  the  psychological#  endocrine  and  heart  rate  data  indicated 
that  they  were  stressed.  The  tas]c  of  firing  the  M16A2  rifle  may  have  been  so 
straightforward  that  it  was  not  affected  by  the  level  of  stress  induced#  or 
the  soldiers  may  have  been  sufficiently  trained  to  be  able  to  call  upon  their 
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basic  skills  to  overcoma  the  performance  effects  otherwise  induced  by  the 
competition  stress. 

An  event  that  occurred  after  the  record  fire  portions  of  this  field 
experiment  were  completed  emphasizes  this  point.  The  soldier  with  the  highest 
score  from  a  Competition  Group  was  selected  to  fire  a  target  scenario  while 
being  observed  by  a  highly  distinguished  review  panel.  The  soldier  was  so 
nervous  that  he  had  difficulty  inserting  the  magazine  into  the  weapon.  The 
only  words  spoken  by  the  soldier  were  "I  know  I  can't  do  this."  The  safety 
officer,  an  experienced  sergeant,  leaned  over  and  said  "Son,  just  do  what  you 
did  to  get  here;  shoot  like  you  know  how."  This  soldier  fired  the  highest 
score  ever  attained  during  any  of  the  target  presentation  scenarios  used  in 
this  experiment,  and  scored  30%  higher  than  he  had  during  the  competition. 
This  additional  stress  clearly  altered  his  performance.  Several  aspects  of 
combat  stress  are  apparent  in  the  pressure  to  perform,  observation  by 
officials,  and  play  on  self-esteem  experienced  by  this  soldier  in  this 
situation.  A  dramatic  improvement  in  performance  was  observed  in  this  case. 
Performance  need  not  be  degraded  during  stressful  conditions.  The  soldier's 
training  enabled  him  to  respond  to  the  stress  with  dramatically  improved 
performance.  While  it  is  possible  that  the  results  of  this  field  experiment 
would  have  been  different  if  the  soldiers  who  participated  had  been  from  less 
elite  and  highly  trained  units,  individuals  from  such  units,  having  lower 
expectations  about  their  performance  would  have  probably  been  less  stressed. 

It  is  also  possible  that  the  task-induced  stressors  of  multiple  targets, 
coupled  with  extremely  short  exposure  times,  may  have  been  so  severe  as  to 
override  any  differences  attributable  to  the  competition  stress  manipulation. 
In  any  event,  rifle  marksmanship  perfonrance,  in  the  present  experiment,  was 
more  affected  by  the  task-induced  stressors  than  by  the  competition  stress. 

Since  future  applications  of  a  method  for  generating  stress  in  systems 
evaluations  will  require  a  level  of  stress  considered  comparable  to  combat 
stress  levels,  research  about  methods  of  generating  a  higher  level  of  stress 
will  have  to  continue.  The  results  of  this  study  suggest  that  competition 
might  serve  as  one  component  of  a  methodology  which  might  also  include 
multiple  stressors  or  acute  plus  chronic  stressors  as  combat  stress  appears  to 
do.  These  findings  also  suggest  that  in  evaluating  a  potentially  stressful 
circumstance,  it  is  important  co  consider  both  the  objective  (experimenter 
designated)  and  the  subjective  (subject  experienced)  aspects  of  the  situation 
(Hobfoll,  1989) . 


SHOOTING  PERFORMANCE 

It  is  apparent  from  the  data  that  virtually  all  of  the  improvement  in 
hits  attributable  to  burst  mode  in  the  present  experiment  was  obtained  at  SO 
meters.  Also,  any  effects  of  multiple  trigger  pulls  were  largely  confined  to 
50-  and  100-meter  ranges.  Our  failure  to  discover  any  substai:tial  improvement 
in  burst  mode  is  consistent  with  AMSAA's  analyses,  (e.g.,  Fallin,  1969; 
Weaver,  1989),  which  have  calculated  that  optimal  performance  would  be 
obtained  from  systems  in  which  the  burst  dispersion  in  mils  is  twice  the  aim 
error  in  mils.  This  work  suggested  that  the  relatively  large  three-round 
burst  dispersion  of  the  M16A2  equipped  with  the  NWSC  No.  1  muzzle  device, 
15.86  mils,  would  not  yield  any  substantial  ing>rovement  in  combination  with 
the  relatively  low  aim  errors  observed  in  this  experiment.  Thus,  the  present 
results  are  consistent  with  AMSAA's  analyses  of  the  relationship  between  burst 
dispersion  and  aim  error  on  one  hand  and  optimal  performance  on  the  other. 
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THE  NKSC  NO.  1  MUZZLE  DEVICE 


The  NMSC  No.  1  muzzle  device  is  currently  among  the  most  effective 
devices  available  for  controlling  burst  dispersion  in  the  .Mi€A2  that  does  not 
Induce  reliability  problems  during  required  rates  of  sustained  fire  (Spadie, 
1906)  ,  yet  it  does  not  approach  the  8-mil  dispersion  that  AMSAA  feels  is 
needed  to  iit^:  “^ve  burst  performance.  Thun,  the  level  of  improvement  in  hit 
probability  displayed  in  burst  mode  is  probab.Vy  about  the  best  currently 
obtainable  with  serial  burst  mode  systems  with  a  recoil  impulse  comparable  to 
the  Ml€\2.  The  present  data  suggest  that  the  price  of  generalized  use  of 
burst  mode,  in  terms  of  ammunition  expended,  may  outweigh  the  increment  in 
effectiveness  when  compared  to  semiautomatic  mode  for  currently  available 
serial  burst  systems . 


CONCLUSIONS 

This  experiment  (a)  demonstrated  that  conpetition  can  be  used  to  produce 
a  moderate  level  uf  stress;  (b)  found  that  this  moderate  level  of  stress  was 
insufficient  to  alter  performance;  (c)  found  that  the  tools  and  procedures  of 
the  preliminary  stress  metric  are  applicable  to  the  assessment  of  stress 
levels  in  field  experiments;  (cl)  found  that  aim  error  is  greater  in  burst  mode 
than  in  semiautomatic  mode,  but  the  aim  errors  obtained  were  smaller  than  had 
been  anticipated;  (e)  found  that  as  predicted,  a  relatively  high  burst 
dispersion  coupled  with  a  relatively  low  aim  error  does  not  improve  burst 
mode;  and  (f)  helped  define  the  limits  of  performance  serial  burst  syst'"^  with 
a  recoil  inpulse  compa’-able  to  the  M16A2. 


RECOMMENDAT IONS 

1.  To  establish  firm  lin)cs  between  stress  and  performance,  future 
efforts  in  the  HEL  stress  program  should  focus  on  higher  stress  situations 
than  do  those  studied  to  date. 

2.  Based  on  the  outcome  of  this  field  experiment,  integration  of  basic 
and  applied  reiearch  efforts  should  be  encouraged  in  the  future. 
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APPENDIX  A 


VOLUNTEER  AGREEMENT  AFFIDAVIT 


I 


VOUUNTten  AQFICtMtNT  affidavit 

Ft  —  ««  OH  turn,  m*  AW  uw  i»— pi«  mim  ••iMOftiMatWM  ■«>••••  4«Mnl 


THIS  FORM  IS  ArrtCTtO  BY  THE  MIVACY  ACT  O 


1.  AUTHORITY:  10  USC  3012. 44  V8C  3101  tnd  10  USC  lOYl-lOST. 

2.  FRlNCIf  AL  PURFOSC:  To  dec«in*nl  *olMnury  pirtlcipttlon  In  thi  CUnical  IniMacatlon  and  Raaaaadh  Frofran.  SSN  and  hem* 
addrMt  will  b*  uxd  (or  idaniiUcaiwn  and  locaung  purpoa*. 

3.  ROUTINS  USES;  Th«  8SH  and  hem*  addma  will  b*  U(*d  tot  idMUlfla'Ieo  and  lo«*Un(  pwrpe***.  lalotwiatlen  d*ti**d  Item  th* 
aiadr  will  b*  *««d  to  docuoMat  th*  Mudy :  hnpl*nMnttu-ir  el  madlcal  proirtmi;  uachinf ;  adfudlMtleo  el  «laiiB*:  and  for  ih*  mandatory 
rtbortmi  of  madieal  condiUo*  aa  ranolrad  by  law.  U/onnatloa  may  ba  fatwithad  to  Fadaral.  SUU  and  leaal  aiaotl**. 

4.  MAHDATORY  or  voluntary  OtSCLOSURE:  Til*  ftrmiahiad  el  SSN  and  bom*  addraa*  la  maodatoay  and  nocaaaary  to  preaid* 
•dtaliflcatioa  tad  lo  contact  yoo  II  four*  Inleraaation  iadkau*  that  yo«>  haaltb  may  b*  adamaly  allactad.  PaUar*  to  preaid*  Ui* 
l..leraiatl*B  auy  p^ud*  your  roluatary  partldpalioa  In  Ipia  ia***Utttlentl  atudy. 


PAnr  A  -  VOkUNTItA  AFFieAyiT 


volunteer  SUIJCCTS  IN  AFPRCVBD  OEPARTWENT  OP  THE  ARMY  RESEARCH  STUDIES 


Volurit*!*  tindar  th*  yrenaton*  of  AR  T0-2S  ar*  autharitad  all  niramafy  aadical  ear*  far  loiuiy  or  dliaaaa  which  la  tha  proaimat* 
null  of  thair  participatioa  to  aucO  ttadiOi, 


itasf. 

full  MpACtif  io  eofiMOl  and  b«Ticif  itum«d  ajr 


iirrvnRVHTTiviifr-a 


.  birthday,  do  haraby  roluataar  to  partldpata  in 


/w««a*ra  rneri 


undar  diractloo  of  , 


.  aoaductad  at 


APC.  MD  2100S-Sfini 

maw  *1  imnranaa/ 


Tha  ietplicalloa*  of  my  ralanlary  participalion :  th*  natiu*.  duration  and  pvtpea*  of  th*  raaaareb  atudy;  th*  malhod*  and  amana  by 
which  it  it  to  h*  coaductadiaad  ih*  laco.traaiancaa  and  haaard*  that  may  raatenably  b*  aipactad  haa*  baon  aaplalnad  lo  m*  by 


uLvRTxn.'fn 


I  har*  baan  flran  an  opportunity  lo  atk  duailiena  concaminf  thit  Inaatllfatlonal  iiudy.  Any  inch  oumtiana  war*  antwarad  to  my 
fall  and  cemptai*  MUafattioa.  Should  any  (urthar  dumtlon*  art**  conaamiai  my  ri|hu  on  rtudy-raUlad  iD|ury  I  may  contact 

on  Branch.  Kirk  Arm  Clinic _  . 


APC.  MD  f30n  J?S.;ft8A 


«m«d  •<»« 


1  tfftdf  ^nd  ih«i  1  iMy  •<  4117  iim«  dunsf  ib«  eour»«  oi  chM  tt^df  my  cofM«Ai  Md  vitltd7«i»  fr^m  tlvidr  viUievI  fufthvr 

ptMJlT  or  loM  bcMCfU  ho««f«r,  I  (047  b*  ro^uirod  or  P)  foaiiwiod  fnrtfioA  to  uodtrfp  ctftoifi 

osomiMttoo  if,  to  ih«  opioioo  of  tbf  ■tttiidirkf  pli7«i«ioo.  Mdi  oMmiaiUoM  Vf  noctioory  for  my  botJUi  and  vall'boiny.  My  rofuaai 
to  particidoto  otU  inrolfr  no  ptnal*.7  or  lo«  of  boooflU  (0  vbkh  I  am  otharvia#  ooflUad. 


■aLLggrngg'jEii  M  t'ji.'i'j  iT/nna 


INSTRUCTIONS  POR  ELEMENTS  OF  INFORMED  CONSENT:!  Procid*  a  datallod  aaptenatlea  in  accordance  with  AppandU  E, 

AR  40-3SerAR  70-23.) 

1.  I  undorscand  choc  th«  purpoaa  of  Chit  cthnarch  tcudy  It  Co  dactralnp  vtyt  In  which 
tcratt  caaccions  can  be  tttttttd  In  huonnt. 

2.  Nr.  Torre  or  hit  datlgnta  hat  explained  In  docell  all  proceduret  and  tetca  Co  be  given 
CO  Be.  I  undertetnd  che  frequency,  dureclon,  end  Bochod  of  edalnlacrecion  of  ell  Chete  aa 
followt:  One  dey  prior  Co  a  rocord  firing  execciae  a  ctchecer  (aaell  plaeclc  cube)  from 
which  blood  aeaplea  will  be  drawn  will  be  placed  In  my  foreera.  Saell  blood  aeeplea  of  20 
d1  (1  oz.)  will  be  drawn  at  deaerlbed  below.  A  cocel  of  4  blood  aeaploa  will  be  drawn  over 
che  Course  of  6  hours  from  che  eschecer.  The  cechecer  will  chan  be  withdrawn.  This  will  ba 
followed  by  a  fanlliarlzaclon  firing  exercise.  This  tespllng  procedure  will  ba  repaacad  on 
the  record  fire  day  with  6  saoplea  baing  cakan.  Tha  total  voluiaa  of  blood  drawn  over  2  days 
will  ba  approxlBacaly  200  b1  (8  oz.). 


(CONTINUE  ON  REVERSCl 
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:  undf, -stand  rhsc  the  known  risks,  dlscosfercs.  and  side  •ffeccs  that  csr.  be  ascpeettd 
:roa  The  blood  s*:ap:in6  are:  Bruise  at  the'  site  of  vain  punccura.  Inflaaniation  of  tha\-ai»- 
and  infection,  and  cnac  care  will  be  taken  to  avoid  these  coaplicatlons .  I  understand  that 
all  inforoation  obtained  in  the  investigation  will  be  considered  eonf idantial .  1  understand 

that  no  infonation  will  be  associated  wittf  ae  as  a  parson  and  chat  my  naae  will  net  appear 
in  any  published  fora  in  relation  to  the  study. 

4.  I  understand  chat  1  will  ba  asked  not  to  eoaaiaa  any  eaffalas'earcalalag  bavaraaaa 
(coffee,  tea,  colas)  or  alcohol  froa  Che  ciaa  I  axrlva  an  Aberdaan  Frewlna  Oreund  until  the 
last  blood  aaapla  is  drawn. 

5.  I  understand  chat  any  Injurlas  suatalnad  as  a  result  of  parcleipacion  In  a  research 
protocol  are  entitled  te  aadical  care  and  treacaanc. 

6.  I  understand  that  the  rifle  firing  portion  of  this  study  Involves  the  use  of  an  K16A2 

rifle  with  a  safety  certified  prototype  nuzzle  brake.  This  firing  Involves  no  risks  beyond 
chose  associated  with  noraal  aarkananahlp  training.  '' 

7.  I  understand  that  1  will  be  required  to  coaplece  a  nuabar  of  suzvays.  Thera  are  no 
risks  or  hazards  assoclatad  with  chea. 

8.  In  addition  to  the  ocher  procedures  described  in  this  consent  fort,  I  agree  to  wear  a 
he,'  7t  race  dacecclon  scrap  and  Heart  Vetch  aonitor  during  the  periods  of  the  test  whin  blood 
aaaples  are  being  collected  on  the  baseline  and  record  fire  days.  I  understand  that  in 
wearing  this  alactroda  scrap  and  Heart  Hatch  aonitor  ay  heart  rata  will  be  recorded  to 
provide  additional  rbysiological  aeaaures  required  by  recearchera  In  the  conduct  of  this 

ialvo  Stress  Study.  I  understand  that  m  aore  than  4  test  participants  per  week  will  be  I 

asked  to  wear  this  devicb,  and  that  deell.iing  to  wear  this  device  will  not  interfere  with  ay  I 
perclcl'iclon  in  ocher  aspects  of  this  study,  r 

9.  I  understand  chat  1  aay  be  billeted  on  or  off  post  for  the  course  of  the  study,  not  te 

exceed  5  days.  '  , 

10.  1  understand  the  benaflcs  I  aay  receive  as  a  result  of  tfy  taking  part  In  this  study  are 

llBlttd  CO  additional  practice  with  the  M16  rifle.  These  studies  will  principally  enha^e  ' 

whs  state  of  sciontiflc  knowledgo. 


tiONATuaC  or  VOLUNTtia 

OAT*  flONIO 

8»8gHDIII  gP  1 

If  m 

1 3AL  eUZ'SBIlW  ,]/ 

»|Am*N|NT  AOOACCaO^  VOtUNTII* 

OATI  ilONIO 

of  t>4  H'H*i  iiCJ  H  AP' 
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APPENDIX  B 

SAFETY  CERTIFICATIONS  FOR  NNSC  NO.  1  MUZZLE  DEVICE 
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DEPARTMENT  OF  THE  NAVY 
NAVAL  WEAPONS  SUPPORT  C.TNTER 
CMANC.  INOIANA  47«at>IOOA 


tH 


8370/7 
202 1WS 


Promt  Commanding  Officer,  Naval  Weapons  Support  Center 
To  I  Director,  Human  Engineering  Laboratory,  (Mr.  Sam 
Wanaaok),  Aberdeen  Proving  Ground,  Aberdeen,  MD 
21005-5001 

Subjt  SAFETY  RELEASE  JUSTIFICATION  FOB  THE  NWSC  #1  MUZZLE 
DEVICE  USED  ON  THE  M16A2  RIFLE 

1.  The  following  information  la  submitted  by  request  of  Mr. 
Wansaok  of  your  organization  pursuant  to  requirements  for  testing 
of  the  NWSC  #1  Muzzle  Device  which  resulted  from  the  Joint 
Services  Small  Arms  Program  PY  86  6.2  M16A2  Rifle  Signature 
Suppression  Project. 

2.  This  device  is  constrjcted  of  heat  treated  4lll0  alloy  steel 
and  there  have  been  no  safety  or  reliability  problems  encountered 
in  any  of  the  testing.  Over  1000  roundo  have  been  fired  through 
one  of  the  devices.  The  device  is  slroilHr  to  the  existing  flash 
hlder  in  size  and  external  shape.  It  interfaces  with  the 
barrel/muzzle  threads  the  same  as  the  standard  M16A2  flash  hlder, 
and  is  oriented  in  the  same  manner.  The  NWSC  #1  muzzle  device 
will  allow  mounting  of  the  bayonnet,  and  the  standard  blank 
firing  device.  It  will  launch  grciaJes  in  the  same  manner  as  the 
standard  M16A2  Flash  Hlder.  Therefore,  this,  device  is  judged  to 
be  as  safe  as  the  standard  flash  hlder  for  the  M16A2  rifle. 

3.  NAVWPNSUPPCEN  Crane  point  of  contact  is  Mr.  William  Spadie, 
Code  2021,  Building  2521,  telephone  AV  482-3190/3191  or 
commercial  812-854-3190/3191,  zip  code  47522-5020. 


143 


m 


r*f' 


DEPARTMENT  OF  THE  ARISV 
HEAOOUMITVW,  U.t.  AHMV  TCST  AND  IVAlUATiCN  wCMMANO 
ABtNOifN  mOVWO  OROUNO.  MARVIANO  SMS-M 

_  8i  25  F*b  ee 

ATTCMflOM  Of 

AM8TE-TE-F  <70-10p)  ^  g  p£B  1988 

MEMORANDLM  FORi  Comnandcr,  U.8.  Army  CombAt  8y8tcn«  Tt»t  Activity, 

ATTN I  8TEC8-A8-LA 

8UBJECT1  Requbst  for  Safety  Ralaaca  ofjNWeo  t1  Mi»la  Davie#  Ueed  On  th# 

M16A2  Rifle 

1.  Th#  U.8.  Army  Human  Cnglnaarlng  Laboratory  In  memorandun,  HEL,  8LCHE>BR. 

11  Fab  88.  subjacti  Safety  Release  Justification  for  the  NW8CS1  Muzale  Device 
Used  For  The  M18A2  Rifle,  enclosed,  raqueeta  an  analysis  be  performed  to 
determine  whether  the  muzzle  device  described  In  the  attached  letter  can  be 
granted  a  safety  release. 

2.  The  safety  release  Is  required  for  a  field  test  to  be  performed  by  the 
Human  Engineering  Laboratory  <HEL)  baginnlng  29  Fob  88.  The  HEL  point  of 
contact,  Mr.  8.  wansaca,  ><38969.  has  discussed  thio  subject  with  Mr.  F.  Miller 
and  Shown  him  a  sample  of  the  device. 

3.  Request  U6ACSTA  provide  a  safety  release  recommendation  for  subject  device 
by  COB  25  Feb  86. 

4.  Point  of  contact,  this  headquarters.  Is  Mr.  Hubert  M.  Cole,  AM8TE-TE-F, 
ametetefSapg-l.arpa,  AUTOVON  298-3077/4786. 

FOR  THE  CO^NDERi 


siRiicd 

Cnci  KEITH  T.  DIXON 

Chief,  FA,  Inf  4  8W  DIv 
Directorate  for  Test 

CFi 

Dir,  U8AHEL  ATTNi  8LCHE-6R  <w/0  end} 
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APPENDIX  C 


DESCRIPTION  OF  M  RANGE 


DESCRIPTION  OP  H  RANGE 


M  Range  Capability 

•  FOUR  FIRING  LANES  EACH  SO  METERS  WIDE— lANES  CAN  BE  COMBINED  TO  INCREASE 
NUMBER  OF  TARGETS  AND  ANGLE  FOR  TNO  GUNNERS  OR  ONE  GUNNER. 

•  TARGET  DISTANCES  FROM  IS  METERS  TO  SSO  METERS. 

•  THREE  TARGETS  AT  EACH  RANGE  FOR  EACH  FIRING  LANE. 

•  ONE  MOVING  TARGET  (33  FEET  LONG)  AT  SO  METERS,  130  METERS,  AND  ISO  METERS 
FOR  EACH  FIRING  LANE  AND  WITH  PRESET  ADJUSTABLE  VELOCITY. 

•  NON- INTRUSIVE  SHOT  DETECTOR  AT  EACH  FIRING  LANE. 

•  HIT  DETECTOR  AT  EACH  TARGET  (WITH  TARGET  OPEN  AND  SHORT  INDICATION) . 

•  MISS  DISTANCE  INDICATOR  CAPABILITY  FOR  ALL  STATIONARY  TARGETS  TO  400 
METERS  OR  WITHIN  LIMITS  DICTATED  BY  THE  BULLET  SHOCK  WAVE. 

•  INDEPENDENT  SCENARIO  GENERATION  FOR  EACH  FIRING  LANE  INCLUDING  VARIABLE 
TARGET  EXPOSURE  TIME  AND  TIME  BETWEEN  TARGETS,  AND  SINGLE  OR  MULTIPLE 
TARGETS. 
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Figure  C-1.  Site  plan  for  BEL* a  M  Range.  (Paadliarixation  and  record  firing  were  conducted  on 


SCORE  BO 


Detail  of  tbe  e]q>erlnental  area  at  HEL'a  N  Range  ahowlng  the  location  of  the  B  Lane  fox  hole 
the  stands,  the  scoreboard,  the  blood  saapllng  trailer,  the  tent  where  questionnaires  were 
adelnistered,  the  aonunition  point,  and  the  ara»  rack. 


DOCUMENTATION  OF  ENDOCRINE  SAMPLE  ANALYSIS 


Assays  ware  conductad  in  tha  Raproductiva  Endocrinology  Laboratory, 
Dapartjnent  of  Obstetrics  and  Gynacolo^y,  Northwestarn  Manorial  Hospital.  This 
laboratory  is  licansad  by  tha  State  of  Illinois  as  a  clinical  laboratory  and 
participates  in  the  College  of  Anasican  Pathologists  quality  control  program. 
Cortisol,  tastostarone,  prolactin,  growth  homona,  luteinizing  hormone, 
epinephrine,  norepinephrine,  dopamine,  B-andorphin  and  Mat-ankaphalin  ware 
measured. 

Plasma  was  collected  in  EGTA,  glutathione,  and  aprotinin  and  was  rapidly 
frozen  to  prevent  degradation  of  catecholamines  and  endogenous  opiods. 

CORTISOL 

Serum  samples  ware  analyzed  for  cortisol  by  a  direct  assay  without 
extraction  (Casper,  Chatterton,  £  Davis,  1979) .  Antiserum  for  this  assay  was 
obtained  from  Kaw  Scientific,  Columbus,  Ohio.  It  cross-raacts  0.01%  with 
cortisone,  S%  with  corticosterone,  and  15%  with  daoxycortisol .  Thus,  it  is 
suitable  for  use  in  human  serum  samples  in  which  cortisol  is  present  in  much 
larger  percentages  than  these  other  corticosteroids.  Serum  proteins  were 
denatured  by  heating  at  60^  C  for  30  minutes.  ^H-cortisol  tracer  and 
antiserum  were  then  inc\abated  with  the  cooled,  diluted  serum  samples,,  and 
unbound  cortisol  was  removed  by  adding  dextran-coated  charcoal  (DDC) .  The 
sensitivity  of  the  assay  (at  the  lowest  range)  is  17  nanograms  (ng)/ml.  The 
inter-assay  coefficient  of  variation  (CV)  of  the  last  46  assays  (addrange)  was 
27%.  The  intra-assay  CV  was  13%. 


TESTOSTERONE 

Serum  samples  were  assayed  for  testosterone  by  a  direct  method  without 
extraction.  Materials  including  ^^^I-testosterone  for  this  procedure  were 
obtained  from  Pantex.  Antibody-bound  testosterone  is  precipitated  from 
solution  by  the  addition  of  a  second  antibody  in  polyethylene  glycol.  The 
sensitivity  of  the  assay  <2  standard  deviations  (SD]  at  the  lowest  range)  is 
42  plcograms  (pg)/ml.  The  inter-assay  CV  of  the  last  SO  assays  (midrange)  was 
4%.  Intra-assay  CV  was  5%. 


PROLACTIN 

Prolactin  was  measured  in  serum  with  materials  obtained  from  the 
National  Hormone  and  Pituitary  Program  for  this  assay.  The  standard  and 
iodination  materials  were  hPRL-I-6  and  hPRL-RP-1,  respectively.  lodination 
and  radio-immuno-assay  were  conducted  essentially  as  described  by  Hwang, 
Guyda,  and  Friesen  (1971) .  The  sensitivity  of  the  assay  based  on  2  SDs  of  the 
lowest  quality  control  preparation  is  2.1  ng/ml.  The  inter-assay  CV 
(midrange)  in  the  13  most  recent  assays  was  10%.  Intra-assay  CV  was  11%. 


GROWTH  HORMONE 

Materials  were  obtained  from  the  National  Hormone  and  Pituitary  Program 
for  this  assay.  The  standard  and  iodination  materials  ware  hGH-RP-1  and  hGH- 
I-l,  respectively.  Iodination  and  radio-i^ranuno-assay  were  also  conducted  as 
described  by  Hwang  et  al.  (1971)  .  The  sensitivity  of  the  assay  based  on  2  SDs 
of  the  lowest  control  preparation  is  1.1  ng/ml.  The  inter-assay  CV  in  the 
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l«9t  12  assays  at  a  naan  concentration  of  4.2  ng/ml  was  20%.  Inter-assay  CV 
was  6%. 


LUTEINIZING  HORMONE 

Materials  were  supplied  by  the  National  Hormone  and  Pituitary  Program, 
lodination  with  ^^^I,  purification  of  the  iodinated  hormone,  and  separation  of 
the  antibody  bound  from  unbound  hormone  was  essentially  as  described  by 
Midgley  (1966)  as  modified  by  us  (Judge,  Quade,  Arrata,  £  chatterton,  1978) . 
For  hLH  assay,  the  reference  and  iodination  materials  were  LER-907  and  hLH>l- 
3,  respectively.  Sensitivity  for  hLH  and  hFSH  assays  is  2.4  mlU/ml  and  1.7 
mlU/ml,  respectively.  The  inter-assay  CV  (midrange)  in  the  34  most  recent 
assays  was  24%.  Intra-assay  CV  was  11%. 


CATECHOLAMINES 

Analysis  of  epinephrine,  norepinephrine,  and  dopamine  was  performed  by 
means  of  reverse  phase  Naters  high  performance  liquid  chromatograph  (HPLC) 
with  electrochemical  detection.  Each  of  the  catecholamines  was  separated 
during  chromatography  and  quantified  individually  by  an  automated  instrument 
(the  HPLC),  as  described  by  Meicker,  Feraudi,  Hagele,  and  Pluto  (1964). 


B-ENDORPKIN  (McIntOSh,  1987) 

Plasma  was  thawed  and  incubated  overnight  at  4o  C  with  Sepharose  bound 
anti-B-lipotropin  antiserum  to  remove  the  B-LPH.  This  is  necessary  because 
the  antiserum  for  radioimmunoassay  (RIA)  of  B-endorphin  binds  B-LPH  with 
similar  affinity.  Since  B-LPH  contains  antigenic  sites  not  common  to  B- 
endorphin,  antisera  that  specifically  bind  B-LPH  are  available  for  this 
separation. 

B-Endorphin  was  concentrated  from  1.25  ml  of  B-LPH  extracted  serum  by 
chromatography  on  octadecyl  silica  gel.  The  eluted  B-endorphin  was  dried, 
reconstituted  in  assay  buffer,  and  incubated  with  the  B-endorphin  antibody  as 
the  first  step  in  the  RIA.  Antiserum  is  available  that  cross-reacts  less  than 
0.1%  with  a-endorphin,  dynorphin,  Het-enkephalin,  Leu-enkephalin,  a-MSH,  B- 
MSH,  and  gamma-MSH.  To  con^lete  the  assay,  ^^^I-endorphin  was  separated  from 
that  bound  to  the  antibody  by  addition  of  a  second  antibody  to  form  a 
precipitating  complex.  According  to  McIntosh  (1987),  recovery  of  B-endorphin 
through  purification  and  assay  procedure  is  99%.  The  least  detectable  level 
in  previous  assays  was  6.7  pg/ml  with  an  interassay  CV  of  11.2%. 


MET-ENKEPHALIH  (Clement -Jones,  Lowry,  Rees,  £  Besser,  1980) 

The  enkephalin  also  must  be  extracted  from  a  relatively  large  voltime  of 
serum  using  the  octadecyl  silica  gel  chromatography  step.  However,  the  B-LDH 
does  not  have  to  be  removed  by  specific  antibody  absorption.  Met-enkaphalin 
is  unstable,  and  it  is  therefore  oxidized  to  its  stable  product  Het-0- 
enkephalin  with  chloramine-T  before  being  assayed.  The  assay  employed  a 
specific  antiserum  from  Chemicon  InH  end  a  ^^^l-iodinated  pure  Met-0- 
enkephalin  tracer.  Bound  and  free  peptides  were  separated  by  adding  a  second 
antibody. 
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SAMPLE  HANDLING  AND  DATA  PROCESSING 


Khan  the  saii^les  were  received  in  the  RIA  lab,  they  were  put  in  a 
freezer  and  the  sample  numbers,  which  are  assigned  consecutively  in  each 
Project,  were  entered  (logged)  in  the  con^uter  with  information  about  the 
project  number,  data,  assay  to  be  performed  and  number  of  tubes.  The  data 
file  for  each  project  )cept  a  running  total  of  samples  assayed.  This  was 
updated  and  printed  weekly. 

The  Work  List,  which  was  composed  of  8aiig>lea  for  a  given  assay,  was 
printed  each  day  an  assay  was  to  be  dene.  Results  were  entered  in  the  Work 
List  at  the  completion  of  the  assay.  The  data  from  each  project  was  then 
transferred  internally  to  the  existing  data  files  for  the  project  under  the 
specific  hormone  assayed.  The  files  have  a  place  for  date,  time,  subject, 
group,  and  so  forth,  which  the  investigator  can  enter  for  each  sample  number 
either  before  or  after  the  assay  values  are  entered. 

When  the  Work  List  was  completed,  the  assay  was  conducted  by  the 
procedures  described.  All  assays  were  quantified  by  counting  labeled  hormone 
that  remains  bound  to  the  antiserum.  The  amount  of  radioactivity  bound  is 
inversely  related  to  the  amount  of  hormone  in  the  sample.  An  on-line  conputer 
plotted  the  bound  radioactivity  versus  the  concentration  of  standards  in  a 
li'git-log  format  after  subtracting  nonspecific  binding.  Concentrations  of 
h.  -mone  in  the  sanples  were  then  calculated  automatically  from  the  standard 
c^rve.  The  following  quality  control  data  were  included  within  the  updated 
Work  List  for  the  hard  copy  file  kept  in  the  laboratory. 

Values  of  3  QCs 

Mean  values  from  all  previous  assays  of  these  QCs 
Nonspecific  binding 
Slope  of  logit-log  plot 
Correlation  coefficient  (standard  curve) 

Percent  of  tracer  bound 
Range  of  standards 
Value  at  50%  binding 
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APPENDIX  E 

SURVEYS  AND  DATA  COLLECTION  FORMS 
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GENERAL  INFORMATION  QUESTIONNAIRE 


Please  ansv.cr  all  questions  as  completely  as  possible  by  filling  In  the  blanks 
or  circling  the  appropriate  response.  All  information  will  be  kept  strictly 
confidential.  The  it^f ormatlon  Is  Important  for  test  purposes  and  will  not  be 
used  for  any  other  purpose. 

1.  NAME  _  2.  DATE  OF  BIRTH  _ _ 

3.  PRIMARY  MOS  _  4.  PRESENT  PAY  GRADE  ^ _ 

5.  LENGTH  OF  SERVICE  _  _  6.  EDUCATION  LEVEL  _ 

(years)  (months) 

7.  ;aT  is  your  UNIT?  _  PLATOON _ ^DIVISION 

_  COMPANY  _ BRIGADE 

_  BATTALION 

8.  HOW  LONG  HAVE  YOU  BEEN  IN  YOUR  PRESENT  SQUAD?  _  _ 

(years)  (months) 

9.  DO  YOU  HAVE  A  PHYSICAL  PROFILE  AT  THIS  TIME?  _  _ 

yes  no 

10.  DURING  IHE  PAST  WEEK,  HAVE  YOU  TAKEN  ANY  PRESCRIPTION  OR 


NOH-PKESCRIPTION  MRUGS7  YES  NO 

IF  'LS,  WHAT  KIND(S)?  ”  / 

1.  _ DATES: _ 

2.  _ DATES: _ 

3.  _  DATES: _ 

4.  DATES: 


11.  LIST  YOUR  CURRENT  WEAPONS  QUALIFICATIONS: 

1. _ 

2. 

3. 

4. 

5. 


12.  WHAT  WAS  YOUR  WEAPONS  QUALIFICATION  ON  YOUR  LAST  RECORD  FIRE? 
(EXl’ERl,  MARKSMAN,  OK  SHARP  SHOOTER) _ 


i3.  HOW  MANY  ROUNDS  HAVE  YOU  .'IRED?  (IN  YOUR  ENTIRE  LIFE) 
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14.  llAVli  YOU  DEEN  TO  SNIPFR  3'"'’OOL?  YES  NO 


15.  HAVE  YOU  HAD  ANY  FORMAL  SMALL  ARMS  TRAINING?  (PARTICIPATED  IN  HATCHES, 


MEMBER  OF  A  RIFLE  TEAM,  ETC.)?  YES  NO 

IF  YES,  LIST  BELOW: 

1 .  _  DATE 

2.  _ DATE 

3.  _ DATE 

4.  DATE 
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LIFE  EVENTS  FORM  I 


1.  Check  die  appropriate  response:  "I  have  recently  experienced:" 

Unusually  low  stress 

Mild  stress  _ _ 

Moderate  stress  _ 

Hint:  stress  ____ 

Unusually  high  stress  _ _ 


2.  Have  you  recently  experienced  any  events  having  an  impact  on  your  life? 

Yes  _  No  _ 

FleoBu  List  them  and  Indicate  them  as  positive  or  negative  by  placing  then 
in  the  corresponding  column: 

POSITIVE  DATE  EVENTS  OCCURED 


NEGATIVE 


DATE  EVENTS  OCCURED 


3.  "Overall,  my  response  to  the  above  events  was  to  feel:”  (Ploose  circle  the 
number  under  each  of  the  four  headings  listed  below  that  reflects  ths  degree 
that  you  felt  that  emotion.) 


HARMED 

THREATENED 

1  2 

3 

k 

5 

1  2 

A 

i 

Not  at 

Very 

Not  at 

Very 

all 

much 

all 

much 

CHALLENGED 

SUCCESSFUL 

1  2 

3 

k 

5 

1  2 

J 

4 

Not  at 

very 

Not  at 

Very 

all 

much 

all 

much 
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4.  ilow  would  you  race  Che  way  you  handled  cheae  sCressea? 

Very  well 
Well 

Not  well  ' 

Adequate  '  _ _ 

Poorly  _ 

5.  "My  resourcea  for  reaponding  Co  Che  evenca  were:" 

More  Chan  ndequace  _ 

Adec|uace  _ 

Lcsa  chan  adequace 


Thank  you 
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LIFE  EVENTS  FORM  II 


1.  Check  the  appropriate  response:  "In  the  last  24  hours,  I  have 
experienced:" 

Unusually  low  stress  _ _ 

Mild  stress  ______ 

Moderate  stress 

High  stress  _ 

Unusually  high  stress 

2.  Have  you  experienced  any  events  having  an  Impact  on  your  life  in  the  last 

24  hours?  Yes  _______  No  _ 

Please  list  them  and  Indicate  them  as  positive  or  negative  by  placing  them 
In  the  corresponding  column,  noting  exactly  when  each  event  occurred: 

POSITIVE  EVENT  OCCURRED  (Date  and  Time) 


NEGATIVE 


EVENT  OCCURRED  (Dote  and  Time) 


3.  "Overall,  my  response  to  the  above  events  was  to  feel:"  (Please  circle 
the  number  under  each  of  the  four  headings  listed  below  that  reflects  the 
degree  that  you  felt  under  that  emotion. ) 


IIAIUIED 

THREATENED 

1  2  3 

4  5 

1  2 

3 

4  5 

Not  at 

Very 

Not  at 

Very 

all 

much 

all 

much 

CHALLENGED 

SUCCESSFUL 

1  2  3 

4  5 

1  2 

3 

4  5 

Not  at 

Very 

Not  at 

Very 

all 

much 

all 

much 
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4.  How  would  you  race  Che  way  you  handled  rhe8>-  esses? 
Very  well  ______ 

Well  _ 

Not  well  ______ 

Adequate 

Poorly  ___^_ 

5.  "My  resources  for  responding  to  Che  events  w-.tre;" 

More  than  ade<^uate  _____ 

Adequate  _____ 

Less  than  adequate  _ 


Thank  you 
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Rating  of  Events  ~  Specific 


1.  The  scale  below  represents  a  range  of  how  stressful  an  event  night  be. 
Put  a  check  mark  touching  the  line  (£)  to  rate  how  much  stress  you  have 
experienced  during  the  last  half  hour. 


STRESS  SCALE 


Not  at  All 
Stressful 


0  10  20  30  40  SO  60 


70  80  90 


Most  Stress 
Possible 


100 


2.  At  what  number  value  does  the  check  mark  touch  the  line? 


Rattnn  of  Eventa  ~  Specific 


1.  The  scale  below  represents  s  range  of  how  stressful  sn  event  night  be. 
Puc  •  cliock  mork  couching  Che  line  <^)  Co  Indlests  where  you  rate  Che 
experience  of  today's  weapon  firing  competition. 


STRESS  SCALE 


Not  at  All 
Stressful 


0  10  20  30  40  50  60 


70 


80 


Most  Stress 
Possible 


90  100 


2.  Ac  what  number  value  does  Che  check  stark  touch  Che  line? 


Ratine  of  Eventa  -  Specific 


1.  The  scale  below  represents  a  range  of  how  strasoful  an  event  might  be. 
Put  a  check  mark  Couching  the  line  (^)  to  indicate  where  you  rate  Che 
experience  of  today's  weapon  firing  comparison. 


STRESS  SCALE 


Most  Stress 
Possible 

I 


100 


2.  Ac  wliot  number  value  does  the  check  mark  couch  the  line? 


Not  at  All 
Stressful 

I  I  I  I  I  I  I  I  I  I 

I  I  I  I  1  I  i  I  I  r 

.0  10  20  30  40  SO  60  70  80  90 
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Rating  of  Events  ~  General 


1.  What  was  the  most  stressful  event  In  your  life  before  today? 


2.  Tliu  scale  below  represents  a  range  of  how  stressful  an  event  might  be. 
Put  a  chock  mark  touching  the  line  (^)  to  indicate  where  you  rate  Che  most 
stressful  event. (from  question  SI). 


Not  at  All 

STRESS  SCALE 

Most  Stress 

Stressful 

Possible 

1  1 

1  1  1  i  1  1  1 

1  1 

1  1 

1  1  1  1  1  1  r 

1  1 

0  10  20  30  40  50  60  70  80  90  100 


3.  At  what  number  value  does  the  check  mark  touch  the  line? 

4.  Compared  to  the  rating  you  gave  in  item  3  for  the  most  stressful  event, 
wtiat  number  rating  would  you  give  the  stress  you  experienced  as  a  result  of 
today's  weapon  firing  competition? 
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Rating  of  Events  -  General 


1.  Wtinc  was  the  roost  stressful  event  in  your  life  before  today? 


2.  The  scale  below  represents  a  range  of  how  stressful  an  event  might  be. 
Put  a  check  mark  touching  the  line  (^)  to  indicate  where  you  race  the  most 
stressful  event  (from  question  #1). 


STRESS  SCALE 


Not  at  All 
Stressful 


0  10  20  30  40  50  60  70 


Most  Stress 
Possible 


80  90  100 


3.  At  wltat  number  value  does  the  check  mark  touch  the  line? 

4.  Compared  to  Che  rating  you  gave  in  item  3  for  the  nose  stressful  event, 
what  number  racing  would  you  give  Che  stress  you  experienced  as  a  result  of 
today's  weapon  firing  comparison? _ 
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SSE 


1.  ON  A  SCALE  FROM  1  TO  10,  HOW  CONFIDENT  ARE  YOU  IN  YOUR  ABILITY  TO 
DEAL  WITH  THE  TODAY'S  EXPERIENCES?  PLEASE  CIRCLE  ONE  OF  THE  NUMBERS 
BELOW. 


12  3  4 


Not  ac  air 
confident 


5  6  7  8  9  10 

- r 

Extremely 

confident 
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1.  ON  A  SCALE  FROM  1  TO  10,  HOW  CONFIDENT  ARE  YOU  IN  YOUR  ABILITY  TO 
DEAL  WITH  THE  STRESS  OF  THE  WEAPON  FIRING  COMPETITION?  PLEASE 
CIRCLE  ONE  OF  THE  NUMBERS  BELOW. 


1 


10 


NoC  at  all 
conf idcnc 


Extremely 

confident 
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1.  ON  A  SCALE  FROM  I  TO  10,  HOW  CONFIDENT  ARE  YOU  IN  YOUR  ABILITY  TO 
DEAL  WITH  THE  WEAPON  FIRING  COMPARISON?  PLEASE  CIRCLE  ONE  OF  THE 
NUMBERS  BELOW. 


1  23  4  5  6  7  8  9  10 


Not  at  all 
conf Idont 


Extremely 

confident 


END-OK-STUDY  SURVEY 


CIRCLE  THE  NUMBER  THAT  CORRESPONDS  TO  YOUR  ANSWER: 


1.  AT  YOUR  UNIT,  OFTEN  DO  YOU  FIRE  A  MILITARY  RIFLE  IN  SEMI-AUTOMATIC 
MODE? 


ONCE  A 
WEEK 


SEVERAL  TIMES 
A  MONTH 


3 

ONCE  A 
MONTH 


SEVERAL  TIMES 
A  YEAR 


_ 5 

ONCE  A 
YEAR 


2.  AT  YOUR  UNIT,  HOW  OFTEN  DO  YOU  FIRE  A  RIFLE  IN  BURST  OR  FULL-AUTOMATIC 
MODE? 


ONCE  A 
WEEK 


SEVERAL  TIMES 
A  MONTH 


3 _ 

‘once  a 

MONTH 


SEVERAL  TIMES 
A  YEAR 


_ 5 

ONCE  A 
YEAR 


3.  HOW  EFFECTIVE  WAS  THE  MUZZLE  BRAKE  INS7/.LLED  ON  THE  RIFLES  USED  IN  T«IS 
STUDY  IN  CONTROLLING  MUZZLE  CLIMB  IN  BURST  .lODE? 


NOT  at  all 
EFFECTIVE 


EXTREMELY 

FFFECTIVE 


4.  DID  THE  MUZZLE  BRAKE  INSTALLED  ON  THE  RIFLES  USED  IN  THIS  STUDY  ALTER  THE 
RIFLES  PERFORMANCE? 


1  2 


SEVERELY  DEGRADED 

performance 


NO  CHANCE 


GREATLY  ENHANCED 
PERFORMANCE 


5.  WOULD  YOU  LIKE  TO  HAVE  THE  TYPE  OF  MUZZLE  BRAKE  USED  IN  THIS  STUDY 
INSTALLED  ON  YCUR  INDIVIDUAL  WEAPON? 


MAKES  NO 
DIFFERENCE 


6.  PLEASE  NOTE  ANY  OTHER  COMMENTS  ABOUT  THE  MUZZLE  BRAKES,  SIGHTS,  OR  OTHER 
RIFLE -RELATED  EQUIPMENT: 


7.  WIllCII  MODt.  DO  YOU  THINK  IS  BETTER  TO  FIRE:  (check  one) 


SEMI-AUTOMATIC 

BURST 


8.  PLEASE  INDICATE  HOW  STRESSFUL  YOU  FOUND  THE  PORTIONS  OF  THE  STUDY  LISTED 
BELOW  TO  BE: 


1 

2 

3 

4 

5 

ZEROING 

NOT  AT  ALL 
STRESSFUL 

1 

2 

3 

4 

HIGHLY 

STRESSFUL 

5 

FAMILIARIZATION  FIRING 

1 

2 

3 

4 

5 

QUESTIONNAIRES 

1 

2 

3 

4 

5 

CATHETER  INSERTION 

1 

2 

3 

4 

5 

WEARING  CATHETER 

1 

2 

3 

4 

5 

BLOOD  SAMPLING 

1 

2 

3 

4 

5 

CATHETER  REMOVAL 

1 

2 

3 

4 

5 

RECORD  FIRING 

1 

2 

3 

4 

5 

TRAVEL  TO/FROM  APG 

1 

2 

3 

4 

5 

9.  PLEASE  NOTE  ANY  OTHER 

COMMENTS  ABOUT 

THE 

STUDY  OR  ABOUT 

rOUR  TDY 

AT  APG: 
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appendix  f 


HETEOROIiOGlCAL  MEASUREMENTS 


1 


i 
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METEOROLOGICAL  MEASUREMENTS 


Date 

Tina 

Temp 

(F) 

Nind  spaad 
(knots) 

Wind  diraction 
(dagraas) 

Visibility 

(inilas) 

09  Mat 

88 

0900 

45 

03 

230 

3 

1200 

54 

09 

210 

3 

1500 

59 

16G20 

200 

7 

10  Mar 

88 

0900 

45 

10019 

350 

7 

1200 

49 

13021 

340 

7 

1500 

50 

17025 

330 

7 

11  Mar 

88 

0900 

42 

06 

340 

7 

1200 

48 

07 

310 

7 

1500 

52 

06 

210 

7 

16  Mar 

88 

0900 

35 

13020 

330 

7 

1200 

46 

10024 

340 

7 

1500 

45 

17025 

340 

7 

17  Mat 

68 

0900 

37 

10G17 

330 

7 

1200 

41 

14 

340 

7 

1500 

48 

14G23 

330 

7 

le  Mar 

68 

0900 

36 

03 

260 

7 

1200 

42 

10 

240 

7 

1500 

41 

10G17 

250 

7 

22  Mar 

68 

0900 

27 

05 

020 

7 

1200 

38 

06 

030 

7 

1500 

40 

05 

160 

7 

23  Mar 

68 

0900 

43 

05 

200 

6 

1200 

52 

10 

210 

7 

1500 

57 

13G19 

190 

7 

24  Mar 

86 

0900 

56 

12 

210 

6 

1200 

67 

10 

210 

7 

1500 

72 

10G14 

190 

7 
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SCHEDULES 
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SCHEDULES 


N««kly  Schadula  for  Salvo  Strass  Study 


Schadula  Abbravlationa 


B1  to  B€  Blood  san^las  1  to  4  on  baaalina  day,  1  to  6  on  racord-fira  day 

()  Firing,  baseline  day 

FR  Firing,  reeord'-fire  day 

XC  Insert  catheter 

OR  Overall  rating  of  events 

RC  Remove  catheter 

SP  Stress  perception  measures  (state) 


Monday 

0830-1500  Travel 

1500-1830  Inprocess,  Briefing,  Psychological  surveys,  IDs 
1630-1900  Dinner 


Tuesday 

0555 

0600-0620 

0620-0700 

0700-0800 

0800-1000 

1000-1130 

1130-1230 

1230-1600 

1600-1640 

1730-1800 


Bus  from  billet  to  dining  facility 

Breakfast 

Bus  to  range 

Psychological  surveys 

Burst  mode  instruction 

Zeroing  weapons  (HR) 

Lunch 

Zeroing  weapons.  Familiarization  at  50,  100m 

Bus  to  billet 

Dinner 


Wednesday 

0555 

0600-0620 

0620-0700 

0700-0815 

0730-1300 

0920-1255 

0955-1305 

1100-1330 

1020-1700 

1700-1740 

1800-1900 


Bus  from  billet  to  dining  facility 

Breakfast 

Bus  to  range 

Insert  catheters 

Baseline  blood  samples  (4  in  2.25  hours)  HR 
Psychological  surveys  (10  minutes  each) 
Rerove  catheters 
Lunch 

Familiarization  firing  at  200,  300m 

Bus  to  billet 

Dinner 


1 


Thursday 

0555 

0600-0620 

0620-0700 

0700-0815 

0730-1445 

0920-1235 

0930-1245 

0945-1255 

1140-1450 

1150-1500 

1235-1545 


Bus  from  billet  to  dining  facility 

Breakfast 

Bus  to  range 

Insert  catheters 

Test  blood  samples  <6  in  4  hr,  3  pre,  3  post)  HR 
Pre  firing  psychological  survey  (10  minutes  each) 
Record  firing  (15  minutes  each,  144  targets) 

Post  firing  psychological  survey  (10  minutes  ea.) 

Remove  catheters 

Lunch 

Ending  psychological  measures  (5  minutes  each) 


P 

I 
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I 


1€00>1630  OuSubj«etroe«8Sln9  from  field  •xperinent 
1630-1720  Bus  to  billot 
1800-1900  Diimor 

Friday  Travel  Day 

0615  Bus  to  dining  facility 

0620-0700  Breakfast 

0700-0745  Clear  billet.  Bus  to  range  (as  needed) 
0830-1200  Make  up  firing  (as  needed) 

1200  Depart  APG 
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Baseline  Day  Schedule  (Wednesday) 


NURSE 

1  2 

1  t 

3  1 

1  1 

2 

3 

1 

1 

1 

2  3  12 

1  1  1  1 

3 

1 

1 

1 

2 

1 

1 

3  1 

1 

2  3 

1  1 

1 

1  I 

2 

1 

S  No. 

1  1 

11  12 

13  14 

1  I 

5 

1 

|6 

1 

1 

|7 

1 

1111 

18  19  llOlll 

fill 

112 

1 

113 

1 

1  1 
1141 

t  1 

1 

15|1( 

•  III 

I17I18I19I 

111! 

201 

0700 

1  1 
IICIIC 

IICI 

1 

1 

1 

1 

fill 

1  1  1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

1  1 

10700 

0705 

IZCIXC 

IICI 

1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10705 

0710 

1  1 

1  lie 

1C 

IICI 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10710 

0715 

1  1 

1  lie 

1C 

IICI 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10715 

0720 

1  1 

1  1 

1 

lie 

IICIICI  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10720 

0725 

t  1 

1  1 

1 

lie 

IZCIZCI  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10725 

0730 

IBII 

1  1 

1 

1  1  1  lie 

IICI 

1 

1 

1 

1  1 

1  1 

10730 

0735 

1  1 

1  1 

1 

1  I  1  lie 

IICI 

1 

1 

1 

1  1 

1  1 

10735 

0740 

1  1 

I  1 

1 

1  1  IICI 

1 

1 

1 

1 

ICI 

1  1 

1  1 

10740 

0745 

1  IBl 

1  1 

1 

1  1  IICI 

1 

1 

1 

1 

ICI 

1  1 

1  1 

10745 

0750 

1  t 

1  1 

1 

1  1  1  1 

1 

lie 

IICI 

1 

1  IICI  1 

10750  . 

0755 

1  1 

1  1 

1 

1  1  1  1 

1 

lie 

IICI 

1 

1  IICI  1 

10755 

0600 

IB2I 

IBII 

1 

1  1  1  1 

1 

1 

1 

1 

1 

IICI 

1  1 

10800 

0805 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

IICI 

1  1 

10805 

0810 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

I 

1  1 

1  1 

lOSlO 

0815 

1  IB2 

1  IBl 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10815 

0820 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

IICI  1 

1  1 

XC 10820 

0825 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

IICI  1 

1  1 

ICI 0825 

0830 

1  1 

IB2I 

B1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

IICI 

10830 

0835 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

IICI 

10835 

0840 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10840 

0645 

!P3| 

1  IB2 

IBl 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10845 

0850 

ISPI 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10850 

0855 

1  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

I  1 

10855 

0900 

1  0  iB3 

1  1 

B2 

1 

IBl 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10900 

0905 

i  0  ISP 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10905 

0910 

10  1 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10910 

0915 

1  1  0 

IB3I 

IB2 

IBII  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10915 

0920 

ISPI  0 

ISPI 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10920 

0925 

1  1  0 

1  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10925 

0930 

IB4I 

1  0  IB3 

1 

IB2 

1  IBII  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10930 

0935 

1  ISP 

1  0  ISP 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10935 

0940 

IRCI 

1  0  1 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10940 

0945 

1  IB4 

1  1  () 

B3 

1 

IB2I  IBII 

1 

1 

1 

1 

1 

1  1 

1  1 

10945 

0950 

1  1 

ISPI  () 

SP 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10950 

0955 

1  IRC 

1  1  () 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

10955 

1000 

1  1 

IB4I 

O 

IB3 

1  IB2I  IBl 

1 

1 

1 

1 

1 

1  1 

1  I 

11000 

1005 

1  1 

1  ISP 

() 

ISP 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11005  , 

1010 

1  1 

IRC! 

0 

1 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

llOlO 

1015 

1  1 

1  IB4 

10 

IB3 

1  1  IB2I 

IBl 

1 

1 

1 

1 

1  1 

1  1 

IIOIS 

1020 

1  1 

1  1 

SP 

1  0 

ISP 

1  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11020 

1025 

1  1 

1  IRC 

1  0 

lilt 

1 

1 

1 

1 

1 

1  1 

1  1 

11025 

1030 

1  I 

1  1 

1 

1  0 

|B3|  1  IB2 

1 

IBl 

1 

1 

1 

1  1 

1  1 

11030 

1035 

1  1 

1  1 

B4 

ISP 

1  0 

ISPI  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11035 

1040 

1  1 

1  1 

1 

1  0 

till 

1 

1 

1 

1 

1 

1  1 

1  1 

11040 

1045 

1  1 

1  1 

IRC 

IB4 

IOIB3I  1 

IB2 

1 

IBl 

1 

1 

1  1 

1  1 

11045 

1050 

1  1 

1  1 

1 

1 

ISP 

10  ISPI  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11050  ! 

1055 

1  1 

1  1 

1 

IRC 

10  1  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11055  i 

1100 

1  1 

1  1 

1 

1 

|B4 

1  IOIB3i 

1 

IB2 

1 

IBII 

1  1 

1  1 

11100 

1105 

1  1 

1  1 

1 

1 

ISPI  0 ISPI 

1 

1 

1 

1 

1 

1  1 

1  1 

11105 

1110 

1  1 

1  1 

1 

1 

IRC 

1  10  1  I 

1 

1 

1 

1 

1 

1  1 

1  1 

11110 

1115 

1  1 

1  1 

1 

1 

|B4t  1 O IB3 

1 

1 

IB2 

1 

IBl 

1  1 

1  1 

11115 
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S  No. 

11 

12 

13 

14 

15 

16 

|7 

16 

1 

9  1 10 1 11 1 12 1 13 1 14 1 15 1 16 1 1*7 1 18  1 19 120 1 

1120 

1 

1 

\ 

1 

1 

1 

1 

1 

1 

SPIOISPI  1  1  1  1  1  1  1  1  11120 

1125 

1 

1 

1 

1 

1 

1 

1 

IRCI 

1 <> 1  1  i  1  1  1  1  1  1  1  11125 

1130 

1 

1 

1 

1 

1 

1 

1 

1 

IB4I  |()|B3l  1  IB2I  IBII  1  1  11130 

1135 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ISPIOISPI  1  1  1  1  1  1  1  11135 

1140 

1 

1 

1 

1 

1 

1 

1 

1 

IRCI  lOI  1  1  1  I  1  1  1  1  11140 

1145 

1 

1 

1 

1 

1 

1 

1 

1 

1 

IB4I  l()iB3l  1  IB2I  IBII  |  11145 

1150 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  ISPIOISPI  1  1  1  1  1  1  11150 

1155 

1 

1 

! 

1 

1 

1 

1 

1 

1 

IRCI  lOI  1  1  1  1  1  1  1  11155 

1200 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  IB4I  IOIB3I  1  IB2I  IBII  11200 

1205 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  ISPIOISPI  1  1  1  1  1  11205 

1210 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  IRCI  lOI  1  1  1  1  1  1  11210 

1215 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  IB4I  IOIB3I  1  IB2I  IB1I1215 

1220 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1  1  1  ISPIOISPI  1  1  1  1  11220 

1225 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  IRCI  101  1  1  1  1  1  11225 

1230 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  IB4I  IOIB3I  1  |B2|  11230 

1235 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  ISPIOISPI  1  1  1  11235 

1240 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  IRCI  lOI  1  1  1  1  11240 

1245 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  IB4I  IOIB3I  1  IB2I1245 

1250 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  ISPIOISPI  1  1  11250 

1255 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  IRCI  lOI  1  1  1  11255 

1300 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1  1  1  1  1  IB4I  IOIB3I  1  11300 

1305 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  ISPIOISPI  1  11305 

1310 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1  1  1  1  1  IRCI  lOI  1  1  11310 

1315 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  IB4I  IOIB3I  11315 

1320 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  ISPIOISPI  11320 

1325 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  IRCI  lOI  1  11325 

1330 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  IB4I  IOIB3I1330 

1335 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  ISPI 0 ISPI133S 

1340 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  IRCI  10  1  11340 

1345 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  I  IB4I  10  11345 

1350 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  IRCISPI  0  11350 

1355 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  10  11355 

1400 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  |B4|  11400 

1405 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  IRCISPI1405 

1410 

r 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11410 

1415 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  IB4 11415 

1420 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  IRCI1420 

1425 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I  1  1  1  1  1  1  1  1  1  1  11425 

1430 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11430 

1435 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  I  1  1  1  1  1  1  1  1  1  11435 

1440 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11440 

1445 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11445 

1450 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11450 

1455 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11455 

1500 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11500 

1505 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11505 

1510 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11510 

1515 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11515 

1520 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  I  1  1  1  1  1  1  1  1  1  11520 

1525 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11525 

1530 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11530 

1535 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11535 

1540 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  i  1  1  1  11540 

1545 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  I  1  1154b 

1550 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11550 

1555 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11555 

1600 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1  1  1  1  1  1  1  1  1  11600 
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R«cord-Flre  Day  Schedule  (Thurdsay) 


NURSE  12312312312312312312 


S  No. 

1  1  1  1  1  1  1  1  1  1 

11  12  13  14  15  16  |7  18  19  110 

1  I  1  1  1  1  1  1  1  1 

I  1 
nil 

4  i 

1 

121 

1 

1 

131 

1 

141 

1 

151 

1  1  1  1 
16I17I18I19I 

1  I  A  1 

1 

201 

0700 

1  1  1  1  I  1  1  1  1  1 

IICIICIICI  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

1  1 

1  1 

1 

10700 

0705 

IICIICIICI  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10705 

0710 

1  1  1  IICIICIICI  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10710 

0715 

1  1  1  IICIICIICI  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10715 

0720 

1  1  1  1  1  1  IICIICIICI 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10720 

0725 

1  1  1  1  1  1  IICIICIICI 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10725 

0730 

IBII  1  1  1  1  1  1  1  1 

IICI 

ICI 

1 

1 

1 

1  1 

1  1 

10730 

0735 

1  1  1  1  1  1  1  1  1  1 

IICI 

ICI 

1 

1 

1 

1  1 

1  1 

10735 

0740 

1  1  I  1  1  1  1  1  1  IICI 

1 

1 

1 

1 

ICI 

1  1 

1  1 

10740 

0745 

1  IBII  1  1  1  1  1  1  IICI 

1 

1 

1 

1 

ICI 

1  1 

1  1 

10745 

0750 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

ICI 

ICI 

1 

1  IICI  1 

10750 

0755 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

ICI 

ICI 

1 

1  IICI  1 

10755 

0800 

IB2I  IBII  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

IICI 

1  1 

10800 

0805 

I  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

IICI 

1  1 

10805 

0810 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  I 

1  1 

10810 

0815 

1  IB2I  IBII  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10815 

0820 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

ICI  1 

1  lie  10820 

0825 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

ICI  1 

1  1 

ICI 0825 

0830 

1  1  IB2I  IBII  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

IICI 

10830 

0835 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

IICI 

10835 

0840 

1  1  1  I  1  I  1  1  1  1 

1 

1 

1 

1 

I 

1 

1  1 

1  1 

10840 

0845 

IB3I  1  IB2I  IBII  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10845 

0850 

ISBI  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

I  1 

1  1 

10850 

0855 

1  1  1  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10855 

0900 

|rR|B3l  1  IB2I  IBII  1  1 

1 

1 

I 

1 

1 

1 

1  1 

1  1 

10900 

0905 

IFRISPI  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10905 

0910 

IFRI  I  I  I  I  I  I  I  I 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10910 

0915 

1  IFRIB3I  1  IB2I  IBII  | 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10915 

0920 

ISPIFRISPI  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10920 

0925 

1  IFRI  1  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10925 

0930 

IB4I  IFRIB3I  1  IB2I  |B1| 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10930 

0935 

1  ISPIFRISPI  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10935 

0940 

1  1  IFRI  1  1  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10940 

0945 

1  IB4I  IFRIB3I  1  IB2I  |B1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10945 

0950 

1  1  ISPIFRISPI  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10950 

0955 

1  1  1  IFRI  !  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

10955 

1000 

1  1  IB4I  IFRIB3I  1  IB2I 

IBl 

1 

1 

1 

1 

1 

1  1 

1  1 

11000 

1005 

1  1  1  ISPIFRISPI  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11005 

1010 

till  IFRI  1  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11010 

1015 

IB5I  1  IB4I  IFRIB3I  I  IB2 

1 

IBII 

1 

1 

1 

1  1 

1  1 

11015 

1020 

1  1  1  1  ISPIFRISPI  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11020 

1025 

1  1  1  1  1  IFRI  1  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11025 

1030 

1  IB5I  1  IB4I  IFRIB3I  | 

IB2 

1 

IBII 

1 

1 

1  1 

1  1 

11030 

1035 

1  1  1  1  1  ISPIFRISPI  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11035 

1040 

1  !  1  1  1  1  IFRI  1  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11040 

1045 

1  1  IBSI  1  IB4I  IFRIB3I 

1 

IB2| 

IBII 

1 

1  1 

1  1 

11045 

1050 

1  1  1  1  1  1  ISPIFRISPI 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11050 

1055 

1  1  1  1  1  1  1  IFRI  1 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11055 

1100 

1  1  1  IB5|  I  |B4|  IFRIB3 

1 

1 

IB2I 

IBII 

1  1 

I  1 

11100 

1105 

1  1  1  1  1  1  1  ISPIFRISP 

1 

1 

1 

1 

1 

1 

1  1 

1  1 

11105 

1110 

1  1  1  1  1  1  1  1  IFRI 

1 

1 

1 

1 

1 

1 

1  1 

I  1 

11110 

1115 

IB6|  1  1  IB5I  1  IB4I  IFR 

IB3 

1 

1 

IB2I 

IBII  1 

1  1 

11115 

S  No. 

11  12 

1  1 

13 

1 

14 

1 

15 

1 

|€ 

1 

17 

1 

18 

1 

1  9 

1 

110 

1 

I 

11 112 113 114 

1  i 

1 

15116 

1 

17  1 
« 

18119120 

1  I 

1 

1 

1120 

1  1 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ISP 

1  1 

IFRI 

1  J 

SPI  1  1 

1 

1 

1 

1 

1 

1  1 

1  1 

11120 

1125 

IRCI 

1 

1 

1 

1 

1 

1 

1 

IFRI 

1  1  1 

1 

1 

1 

1 

1  1 

11125 

1130 

1  IB6 

1 

1 

1 

IB5 

1 

1 

IB4 

1 

IFRIB3I  1 

1 

B2| 

1 

Bll 

1  1 

11130 

1135 

1  1 

1 

1 

1 

1 

1 

1 

1 

ISP 

IFRISPI  I 

1 

1 

1 

1 

1  1 

11135 

1140 

1  IRCI 

1 

1 

1 

1 

1 

1 

1 

IFRI  1  1 

1 

1 

1 

1 

1  1 

11140 

1145 

lORI 

|B€ 

1 

1 

1 

IB5 

1 

1 

IB4 

1 

IFRIB3I 

1 

IB2 

1 

1 

Bll  1 

11145 

1150 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

SPIFRISPI 

1 

1 

1 

1 

1  1 

11150 

1155 

1  1 

IRCI 

1 

1 

1 

1 

1 

1 

1 

IFRI  1 

1 

1 

1 

1 

1  1 

11155 

1200 

1  lORI 

IB6 

1 

1 

1 

IB5I 

1 

IB4I  IFRIB3 

1 

1 

1 

B2I 

IBII 

11200 

1205 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ISPIFRISP 

1 

1 

1 

1 

1  1 

11205 

1210 

1  1 

1 

IRCI 

1 

1 

1 

1 

1 

1 

1  IFRI 

1 

1 

1 

1 

1  1 

11210 

1215 

1  1 

lORI 

IB6I 

1 

1 

IB5 

1 

1 

IB4I  IFRI 

B3I 

1 

1 

B2I  IBl 

11215 

1220 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  ISPIFRI 

SPI 

1 

1 

1  1 

11220 

1225 

1  1 

1 

1 

IRCI 

1 

1 

1 

1 

1 

1  1  IFR 

1 

1 

1 

1 

1  1 

11225 

1230 

1  1 

1 

lORI 

|B6 

1 

1 

1 

185 

1 

1  IB4I 

1 

FRIB3 

1 

1 

IB2I 

11230 

1235 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  ISP 

1 

FRISP 

1 

1 

1  1 

11235 

1240 

1  1 

1 

1 

1 

IRCI 

1 

1 

1 

1 

1  1  1 

1 

FRI 

1 

1 

1  1 

11240 

1245 

1  1 

1 

1 

lORI 

|B6 

1 

1 

1 

iB5l  1  IB4 

1 

IFR 

IB3I 

1  IB2 

11245 

1250 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

SPIFR 

1 

SPI 

I  1 

11250 

1255 

1  1 

1 

1 

1 

1 

IRCI 

1 

1 

1 

1  1  1 

1 

IFR 

1 

1 

1  1 

11255 

1300 

1  1 

1 

1 

1 

lORI 

IB6I 

1 

1 

IB5I  1 

1 

B4I 

1 

FRI 

B3I  1 

11300 

1305 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

ISP 

1 

FRI 

SPI  1 

11305 

1310 

1  1 

1 

1 

1 

1 

1 

IRCI 

1 

1 

1  1  1 

1 

1 

1 

FRI 

1  1 

11310 

1315 

1  i 

1 

1 

1 

1 

lORI 

IB6 

1 

1 

1  IB5I 

1 

IB4 

1 

1 

FRIB3I 

11315 

1320 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

SPI 

FRI SPI 

11320 

1325 

1  1 

1 

1 

1 

1 

1 

1 

IRCI 

1 

1  1  1 

1 

1 

1 

1 

FRI  1 

11325 

1330 

1  1 

1 

1 

1 

1 

1 

lORI 

IB6 

1 

1  1  IBS 

1 

1 

1 

B4| 

IFRIB3 

11330 

1335 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

SPIFRISP 

11335 

1340 

I  1 

1 

1 

1 

1 

1 

1 

1 

IRCI 

1  1  1 

1 

1 

) 

1 

IFRI 

11340 

1345 

1  1 

1 

1 

1 

1 

1 

1 

lORI 

1 

B6I  1  1 

1 

B5I 

1 

1 

B4I  IFR 

11345 

1350 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

IRCI  i  1 

1 

1 

1 

1 

1 SP 1 FR 

11350 

1355 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  IFR 

11355 

1400 

1  1 

1 

1 

1 

1 

1 

1 

1 

lORI 

IB6I  1 

1 

IBS 

1 

1 

IB4I 

11400 

1405 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

IRCI  1 

1 

1 

1 

1 

1  ISP 

11405 

1410 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11410 

1415 

I  1 

1 

1 

1 

1 

1 

1 

1 

1 

lORI  |B€| 

1 

1 

1 

B5| 

1  IB4 

11415 

1420 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  IRCI 

1 

1 

1 

1 

1  1 

11420 

1425 

1  1 

1 

1 

1 

1 

1 

1 

i 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11425 

1430 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

lORI  tB6 

1 

1 

1 

1 

BSI  1 

11430 

1435 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  IRC 

1 

1 

1 

1 

1  1 

11435 

1440 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11440 

1445 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  lORI 

1 

B6I 

1 

1 

IB5I 

11445 

1450 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

RCI 

1 

1 

1  1 

11450 

1455 

1  1 

1 

1 

1 

1 

1 

1 

; 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11455 

1500 

1  1 

1 

1 

1 

1 

< 

1 

1 

i 

1 

1  1  lORI 

|B6 

1 

1 

1  IBS 

11500 

1505 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

IRC 

1 

1 

!  1 

11505 

1510 

1  1 

1 

1 

! 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11510 

1515 

1  1 

1 

1 

i 

1 

1 

1 

1 

1 

1  1  1 

1 

OR| 

1 

B6| 

1  1 

11515 

1520 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

RCI 

1  1 

11520 

1525 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11525 

1530 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

lORI 

1 

B6I  1 

11530 

1535 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

RCI  1 

11535 

1540 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

I  1  1 

1 

1 

1 

1 

1  1 

11540 

1545 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

OR| 

IB6I 

11545 

1550 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

IRCI 

11550 

1555 

1  1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

1 

1 

1 

1 

1  1 

11555 

1S6 


S  No. 

11 

1 

12 

1 

|3  14  IS  16  17 

1  1  1  1  1 

18 

1 

19  110 
1  1 

111 

1 

1121 

I  1 

13114 

I1SI16I17I18I19I20I 

1  1  1  4  1  1  1 

1600 

1 

1 

1 

1 

1  1  1  1  1 

1  1  1  1  1 

1 

1 

1  1 

1  1 

1 

1 

1  I 

1  1 

1 

1  1  11  1  1  1 

1  1  1  lORI  IB6I1600 

1605 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  1 

1 

1  1  1  1  1  IRCI1605 

1610 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  1 

1 

1  1  1  1  1  1  11610 

1615 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  1 

1 

1  1  1  1  lORI  11615 

1620 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  1 

1 

1  1  1  1  1  1  11620 

1625 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  i 

1 

1  1  1  1  1  1  11625 

1630 

1 

1 

1  1  1  1  1 

1 

1  1 

1 

1  1 

1 

1  1  1  1  1  lORI 1630 
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I  <ir] 


SCENARIO  SEQUENCE  LISTINGS 


Sequence  Pair  Selection  for  Subjects 
SECOND 


1 

1 

2 

3 

4 

5 

6 

1 

1  1 

X 

20 

22 

3 

14 

29 

F 

1 

2  1 

16 

X 

27 

11 

17 

25 

I 

R 

1 

3  1 

€ 

13 

X 

26 

18 

19 

S 

T 

1 

4  1 

9 

1 

23 

X 

24 

7 

1 

5  1 

30 

8 

28 

15 

X 

2 

1 

6  1 

1 

4 

10 

21 

12 

5 

X 

FIRST  and  SECOND  refer  respectively  to  the  first  and  second  sequence  to 
be  fired  by  a  subject.  For  all  subjects,  odd  numbered  subjects  fired 
semiautomatic  mode  first  while  even  numbered  subjects  fired  burst  mode  first. 
Each  subject  was  randomnly  associated  with  a  random  number  from  1  to  30,  with 
each  number  representing  a  unique  non-repeating  pairing  of  sequences.  The 
element  of  the  matrix  above  containing  that  number  was  then  located,  and  that 
subject  was  assigned  the  sequences  indicated  on  the  top  and  left  side  of  the 
matrix.  The  pairings  associated  with  each  subject  are  also  given  in  this 
appendix.  The  sequences  themselves  were  six  random  sequences  of  the  36 
possible  target  events.  They  are  listed  following  the  sequence  parings. 
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Sequence  Pairs  for  ?11  Subjects 


Pairing  Competition  subject 


Control  subject 


3 
1 
6 

11 

25 
10 
28 
16 

4 

22 

20 

26 

24 

5 

16 

23 

13 
21 

15 

6 
2 
7 

30 

14 
9 

12 

27 

17 

29 

19 

20 
22 

3 

14 

29 

16 
27 
11 
17 

25 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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Sequenc*  1 


Tine 

Target  Nunjber  Range  up  Delay 

sequence  No.  of  targets  ‘  <meters)  (seconds)  (seconds) 


1 

1 

200 

5.0 

3 

2 

3 

200 

5.0 

3 

3 

2 

200 

5.0 

4 

4 

3  ‘  . 

50 

5.0 

3 

S 

1 

100 

3.0 

3 

€ 

1 

300 

3.0 

4 

7 

3 

200 

3.0 

5 

6 

2 

100 

3.0 

5 

9 

1 

200 

1.5 

4 

10 

3 

300 

3.0 

5 

11 

3 

50 

1.5 

3 

12 

2 

50 

3.0 

5 

13 

3 

300 

1.5 

3 

14 

2 

200 

1.5 

5 

15 

2 

200 

3.0 

5 

'I  i 

3 

300 

5.0 

5 

2 

300 

1.5 

4 

16 

1 

200 

3.0 

3 

19 

1 

300 

1.5 

4 

ro 

1 

300 

5.0 

4 

21 

3 

200 

1.5 

3 

22 

3 

100 

1.5 

4 

23 

3 

50 

3.0 

5 

24 

2 

300 

5.0 

5 

25 

2 

100 

1.5 

4 

26 

2 

50 

1.5 

5 

27 

2 

«o 

5.0 

4 

28 

2 

700 

3.0 

3 

29 

1 

100 

5.0 

.  4 

.>» 

1 

50 

1.5 

3 

31 

1 

100 

1.5 

5 

32 

1 

50 

5.0 

4 

33 

2 

100 

5.0 

5 

34 

3 

100 

5,0 

3 

35 

1 

50 

3.0 

4 

36 

3 

100 

3.0 

j 
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Sequence  2 


Tine 


Target 
sequence  No. 

Number 
of  targets 

Range 

(metara) 

up 

(seconds) 

Delay 

(seconds) 

1 

2 

SO 

5.0 

4 

2 

2 

200 

3.0 

5 

3 

2 

300 

1.5 

4 

4 

3 

50 

3.0 

5 

5 

2 

200 

5.0 

4 

6 

1 

200 

1.5 

4 

7 

1 

50 

5.0 

4 

8 

3 

200 

1.5 

3 

9 

1 

100 

5.0 

4 

10 

3 

100 

5.0 

3 

11 

2 

50 

1.5 

5 

12 

1 

200 

3.0 

3 

13 

3 

300 

1.5 

3 

14 

1 

300 

3.0 

4 

15 

100 

1.5 

4 

16 

2 

300 

5.0 

5 

17 

2 

300 

3.0 

3 

18 

1 

100 

3.0 

3 

19 

3 

300 

3.0 

5 

20 

3 

200 

3.0 

5 

21 

2 

50 

3.0 

5 

22 

2 

100 

5.0 

5 

23 

2 

200 

1.5 

5 

24 

3 

SO 

1.5 

3 

25 

1 

50 

3.0 

4 

26 

3 

50 

5.0 

3 

27 

1 

200 

5.0 

3 

28 

3 

100 

1.5 

4 

29 

3 

100 

3.0 

3 

30 

1 

300 

5.0 

4 

31 

3 

300 

5.0 

5 

32 

2 

100 

3.0 

5 

33 

1 

300 

1.5 

4 

3' 

1 

100 

1.5 

5 

35 

3 

200 

5.0 

3 

36 

1 

50 

1.5 

3 
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Sequence  3 


Tim 


Target 
sequence  No. 

Nuinber 
of  targets 

Range 

(oteters) 

up 

< seconds) 

Delay 

(seconds) 

1 

3 

300 

3.0 

5 

2 

2 

200 

5.0 

4 

3 

2 

300 

1.5 

4 

4 

2 

200 

3.0 

5 

5 

3 

50 

1.5 

3 

6 

1 

300 

5.0 

4 

7 

2 

50 

3.0 

S 

8 

3 

300 

1.5 

3 

9 

1 

200 

5.0 

3 

10 

1 

300 

1.5 

4 

11 

3 

200 

3.0 

5 

12 

3 

100 

5.0 

3 

13 

1 

50 

1.5 

3 

14 

1 

100 

1.5 

5 

15 

3 

100 

1.5 

4 

18 

1 

200 

3.0 

3 

17 

2 

300 

3.0 

3 

18 

3 

200 

1.5 

3 

19 

1 

50 

3.0 

4 

20 

1 

SO 

5.0 

4 

21 

2 

100 

1.5 

4 

22 

1 

200 

1.5 

4 

23 

2 

50 

1.5 

5 

24 

3 

300 

5.0 

5 

25 

1 

100 

5.0 

4 

26 

3 

50 

3.0 

5 

27 

3 

100 

3.0 

3 

28 

3 

200 

5.0 

3 

29 

1 

300 

3.0 

4 

30 

3 

50 

5.0 

3 

31 

2 

100 

5.0 

5 

32 

1 

100 

3.0 

3 

33 

2 

200 

1.5 

5 

34 

2 

50 

5.0 

4 

35 

2 

100 

3.0 

5 

36 

2 

300 

5.0 

5 
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S«qu«nc«  4 


Tin* 

Target  Nuaibar  Range  up  Delay 

sequence  No.  of  targets  (meters)  (seconds)  (seconds) 


1 

3 

300 

5.0 

5 

2 

3 

50 

5.0 

3 

3 

1 

100 

3.0 

3 

4 

1 

50 

1.5 

3 

5 

1 

200 

1.5 

4 

6 

3 

SO 

3.0 

3 

7 

3 

300 

1.5 

3 

6 

3 

200 

1.5 

3 

9 

1 

200 

5.0 

3 

10 

1 

100 

1.5 

5 

11 

3 

200 

3.0 

5 

12 

2 

200 

1.5 

5 

13 

1 

300 

3.0 

4 

14 

1 

200 

3.0 

3 

15 

1 

300 

5.0 

4 

16 

2 

100 

1.5 

4 

17 

3 

100 

1.5 

4 

18 

3 

200 

5.0 

3 

19 

3 

300 

3.0 

5 

20 

3 

50 

1.5 

3 

21 

2 

100 

5.0 

5 

22 

2 

100 

3.0 

5 

23 

2 

200 

3.0 

5 

24 

2 

50 

5.0 

4 

25 

2 

200 

5.0 

4 

26 

2 

300 

5.0 

5 

27 

2 

300 

1.5 

4 

28 

1 

50 

5.0 

4 

29 

1 

100 

5.0 

4 

30 

3 

100 

5.0 

3 

31 

1 

300 

1.5 

4 

32 

2 

50 

1.5 

5 

33 

2 

300 

3.0 

3 

34 

1 

50 

3.0 

4 

35 

3 

100 

3.0 

3 

36 

2 

SO 

3.0 

5 
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Saquence  5 


T«r9«t 
saquanca  No. 

Nunbar 
of  tazgats 

lUnga 

(natara) 

TlM 

up 

(aaeonda) 

Dalay 

(aaeonda) 

1 

3 

100 

5.0 

3 

2 

3 

300 

.  1.5 

3  . 

3 

2 

100 

3.0 

5 

4 

2 

300 

3.0 

3 

5 

3 

200 

1.5 

3 

6 

2 

300 

1.5 

4 

7 

1 

100 

5.0 

4 

8 

2 

100 

5.0 

5 

9 

1 

SO 

1.5 

3 

10 

1 

100 

1.5 

5 

11 

2 

200 

3.0 

5 

12 

1 

100 

3.0 

3 

13 

1 

200 

1.5 

4 

14 

3 

SO 

1.5 

3 

15 

2 

200 

5.0 

4 

1C 

3 

100 

3.0 

3 

17 

3 

200 

3.0 

5 

18 

2 

300 

5.0 

5 

19 

3 

100 

1.5 

4 

20 

1 

300 

5.0 

4 

21 

3 

200 

5.0 

3 

22 

2 

SO 

1.5 

5 

23 

1 

300 

1.5 

4 

24 

3 

300 

3.0 

5 

25 

1 

SO 

3.0 

4 

26 

2 

100 

1.5 

5 

21 

1 

300 

3.0 

4 

28 

3 

50 

3.0 

5 

29 

2 

50 

3.0 

5 

30 

3 

300 

5.0 

5 

31 

1 

200 

3.0 

3 

32 

2 

50 

5.0 

4 

33 

1 

fO 

5.0 

4 

34 

1 

200 

5.0 

3 

35 

2 

200 

1.5 

5 

36 

3 

50 

5.0 

3 
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Sequenc*  6 


Target 
sequence  No. 


Number 
of  targets 


Range 

(awters) 


Tine 

up 

(seconds) 


Delay 

(seconds) 
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APPENDIX  1 


PLAQUE 


AWARDED  FOR  MARKSMANSHIP  EXCELLENCE  IN  COMPETITION 
BETWEEN  SOLDIERS  OF  THE  82ND  AIRBORNE  DIVISION 
AND  THE  lOlST  AIRBORNE  DIVISION  (AIR  ASSAULT) 
DURING  EVALUATION  OF  SOLDIER  PERFORMANCE  USING 
ADVANCED  M.16  RIFLE  DESIGNS  AND  FIRING  TECHNIQUES. 

THIS  AWARD  IS  MADE  BY  THE  DIRECTOR, 

US  ARMY  HUMAN  ENGINEERING  LABORATORY, 
ABERDEEN  PROVING  GROUND,  MARYLAND. 

MARCH  1988 
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